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Multi-Channel  Filters  lend  themselves  to  remote  control  apparatus  employing  frequency  selection.  The  unit 
illustrated  is  a  Eve  channel  bond  pass  filter  of  the  interstage  type  with  the  inputs  in  parallel  and  5  sep¬ 
arate  output  channels  designed  to  feed  into  open  grids.  This  circuit  arrangement  provides  a  2:1  stepup 
ratio,  with  a  bond  pass  attenuation  of  approximately  30  DB  per  half  octave.  The  dimensions  of  this  unit 
in  its  hermetically  sealed  case  ore  2V2"  x  3"  x  6".  Filters  of  this  type  con  be  supplied  for  any  group 
of  bond  pass  frequencies  from  200  to  7000  cycles. 
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The  Stake  of  the  United  States 
in  Expanding  World  Trade 


WITH  the  war  in  Europe  racing  to  a  climax,  and 
with  a  sure  pattern  for  the  defeat  of  Japan  al¬ 
ready  outlined,  American  business  is  confronted 
with  the  need  for  an  immediate  decision  on  long-term 
economic  policy. 

What  is  this  coimtr^'s  foreign  trade  program  to  be 
after  the  war? 

No  intelligent  appraisal  of  all  the  factors  any  longer 
can  allow  us  to  postpone  considering  the  issue  merely 
because,  in  the  past,  foreign  trade  absorbed  barely 
eight  per  cent  of  our  production. 

Actually,  a  whole  new  set  of  conditions  was  injected 
into  the  picture  by  the  first  World  War;  but  we  per¬ 
sisted  in  ignoring  these  new  factors. 

Almost  overnight,  the  United  States  was  transformed 
from  the  largest  debtor  nation  in  the  world  to  the  second 
largest  creditor  nation.  At  the  same  time,  we  made  faster 
technological  progress  than  any  other  nation.  Thus  we 
created  the  need  for  more  dollar  exchange  on  the  part 
of  the  rest  of  the  world  and  simultaneously  made  it 
harder  for  other  nations  to  earn  dollars. 

Today,  as  another,  far  vaster  war  is  approaching  its 
end,  those  changed  circumstances  are  magnified.  Amer¬ 
ica  has  new  responsibilities— to  itself,  and  to  the  world. 

Our  war-infiated  industrial  capacity  cannot  be  al¬ 
lowed  to  drop  back  to  prewar  levels  without  causing  a 
domestic  crisis  which  we  dare  not  permit. 

And,  because  so  much  of  the  world  is  geared  to  the 
American  industrial  machine,  we  can  no  longer  contem¬ 
plate  calmly  the  repercussions  of  a  largely  self-sufficient 
trade  program  or  of  an  unplaimed  foreign  trade  pro¬ 
gram.  Either  would  inevitably  set  the  stage  for  the  next 
world  war, 

☆  ☆  ☆ 

If  we  are  going  to  prepare  ourselves  intelligently  to 
cope  with  this  new  problem,  we  must  acknowledge 
certain  basic  principles. 

World  trade  cannot  be  rebuilt  simply  by  attempting 
to  restore  prewar  flows  of  goods.  The  war  has  so  com¬ 
pletely  changed  the  economic  fiber  of  many  countries 
that  it  is  necessary  to  develop  new  trade  relationships. 
The  East  Indies,  for  example,  may  find  the  demand  for 
their  rubber  considerably  reduced;  the  United  States 
may,  to  a  large  extent,  have  to  cease  exporting  cotton; 
Japan  will  need  to  find  new  substitutes  for  much  of  its 
exports  of  silk;  the  British  will  need  new  markets  to 
replace  the  income  which  they  formerly  derived  from 
their  large  overseas  investments. 

We  cannot  expand  markets  for  our  goods,  at  home  or 
abroad,  unless  we  find  ways  of  buying  more  supplies 


from  more  people  at  home  or  abroad,  so  that  they  will 
have  more  dollars  to  spend. 

And  we  probably  cannot  create  increasing  buying 
power  abroad  without  first  exporting  more  of  our  tech¬ 
nical  skills— our  engineers,  our  production  and  man¬ 
agement  men— to  build  new  markets  for  our  own 
specialties. 

☆  ☆  ☆ 

What  is  needed  to  rebuild  the  world’s  economic 
system? 

1.  Most  basic  of  all,  of  course,  are  stable  governments  which 
command  popular  support.  In  the  absence  of  strong  gov¬ 
ernments,  cxirrehcy  stability  cannot  be  achieved. 

2.  Most  war-stricken  countries,  for  a  year  or  two,  will  need 
rehabilitation  loans,  because  they  will  require  far  more 
raw  materials,  equipment,  and  live  stock  than  they  can 
pay  for  out  of  ^^trrent  production. 

3.  Loans,  however,  are  only  a  stop-gap,  though  often  a 
necessary  one.  Far  more  important  than  rehabilitation 
loans  will  be  the  creation  of  better  opportiinities  for  war- 
stricken  countries  to  sell  to  the  rest  of  the  world,  partic¬ 
ularly  to  the  United  States,  South  America,  South  Africa, 
and  India.  The  ravages  of  war  do  not  completely  destroy 
the  ability  of  a  country  to  sell.  Indeed,  it  is  surprising 
what  large  supplies  of  certain  commodities  war-tom 
coimtries  have  on  hand  even  before  devastated  industries 
have  been  restored.  The  invading  troops  in  Normandy 
foimd  shoes  almost  non-existent,  but  they  found  food 
more  plentiful  than  in  Britain. 

Better  opportunities  for  war-stricken  countries  to  sell 
would  create  opportunities  for  them  to  buy  the  things 
they  will  require  to  restore  scattered  industries  and  de¬ 
pleted  farms,  and  would  help  those  countries  to  get  rid 
of  the  exchange  controls  which  are  now  imiversal.  So 
long  as  a  coimtry  is  able  to  expand  its  exports  only  slowly 
and  painfully,  and  is  dependent  upon  foreign  loans  to 
prevent  the  depreciation  of  its  currency,  so  long  will  it 
carefully  preserve  exchange  controls  and  other  restric¬ 
tions  in  imports.  That  is  why  large  advances,  either 
through  an  International  Monetary  Fund  or  an  Interna¬ 
tional  Investment  Bank,  can  make  only  limited  contri¬ 
bution  to  the  removal  of  trade  restrictions. 

4.  Permanent  monetary  and  credit  arrangements  are  needed 
to  protect  nations  against  temporary  pressiure  upon  their 
cxirrencies,  to  permit  necessary  changes  in  exchange  rates 
to  be  made  in  an  orderly  manner,  and  to  assure  that  gov¬ 
ernments  never  again  repeat  the  “beggar-my-neigh- 
bor”  policies  of  1931  and  1932. 

5.  Finally,  the  world  needs  a  reversal  of  the  trend  toward 
economic  self-siifficiency,  which  received  a  strong  im¬ 
petus  from  the  first  World  War  and  an  even  stronger  one 
from  the  great  depression  of  the  Thirties.  This  does  not 
mean  that  the  efforts  of  many  raw-material  producing 
coimtries  to  diversify  their  industries  should  be  opposed. 
During  the  late  Nineteenth  Century  and  the  first  part  of 
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The  charaaeristic  you  demand  in  a  capacitor  is  long  life.  And  in  this  all- 
important  matter  the  record  of  Tobe  Capacitors  is  an  enviable  one,  with 
almost  complete  absence  of  "returns.” 

Lasting  stamina  is  built  into  Tobe  Capacitors  through  every  step  in  their 
manufacture  and  is  cross-checked  by  frequent,  rigid  inspections.  Electrical 
ratings  are  always  on  the  conservative  side.  Research  is  continuous  in  the 
-search  for  an  even  better  way,  an  even  higher  standard. 

Type  OD  Capacitor  (illustrated  below)  is  manufactured  in  tl^e  careful  Tote 
way.  Mineral  oil  impregnated  and  filled,  in  a  streamlined  drawn  container, 
hermetically  sealed.  Designed  for  operation  under  a  wide  temperature  range. 
Why  not  place  your  capacitor  problems  before  Tobe  engineers?  Inquiries 
receive  prompt,  intelligent  service. 
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SPICIFICATIONS— TYPI  OD*  CAPACITOR 
RATM6S: 

GOO  VDC  Single  Units  .05,  0.1,  .25  Mfd. 

Dual  Units  .05,0.1  ’’ 

Trinle  Units  .05.0.1  ” 


Illustration  shows  capacitor  with  bottom  terminals.  Capacitors  also  available  with  top  terminals. 
'Data  sheets  showing  complete  code  number  for  units  having  a  specific  capacitance  value  and  volt¬ 
age  ratings  available  on  request.  *  *Other  tolerances  available. 
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centiiry,  the  international  specialization  of  produc¬ 
tion  was  carried  too  far,  with  the  result  that  many  coun¬ 
tries  became  dependent  for  a  large  part  of  their  standard 
of  living  upon  the  export  of  one  or  two  raw  materials—, 
cofEee,  sugar,  rubber,  silk,  wheat,  wool,  and  meat  Be¬ 
tween  the  two  World  Wars,however,  the  pendulum  swung 
much  too  far  in  the  direction  of  self-s\i£Bciency<  Some 
densely  populated  indtistrial  coimtries  of  Burope  (Italy, 
France,  and  Germany)  even  attempted  to  become  self- 
sufficient  in  wheat  fats,  and  sugar.  So  limited  are  the 
nattiral  resources  and  technical  skills  of  most  countries 
that  each  one  finds  many  things  which  it  can  produce 
only  at  laohibitive  costs.  Between  the  extreme  speciali¬ 
zation  of  the  late  Nineteenth  Century  and  the  more  re¬ 
cent  trend  toward  extreme  self-sufficiency,  a  happy  me- 
ditun  should  be  sought 


borrow  from  but  easy  to  sell  to.  The  United  States 
should  implement  this  policy ,  (1)  by  continuing  the 
negotiatio![i  of  rec4>rocal  reductions  in  duty,' and  (2)  by 
accepting  exchange  rates  which  make  foreign  curten- 
cies  cheaper  in  dollars  than  they  were  in  1939.  So  great 
will  be  the  world’s  need  for  goods  that  we  can  be  sure 
that  any  dollar  exchange  earned  by  sales  to  us  will  be 
converted  into  American-made  goods  iaiid  will  lead  to 
larger  exports.  •  '  ’  _ 

Time  was  when  the  United  States  obtained  about 
eight  per  cent  of  its  standard  of  living  by  sending  goods 
abroad  and  bringing  back  other  goods.  Before  the  war, 
however,  we  were  getting  less  than  five  per  cent  of  our 
living  by  international  trade.  If,  after  the  war,  we  were 
gradually  to  raise  the  proportion  of  our  standard  of  liv¬ 
ing  obtained  by  .trading  with  other  coxmtries  to  ten  per 
cent  of  domestic  production,  oiu*  imports  would  be  about 
$15  billion  or  $16  billion  a  year.  Our  people  would  be 
able  to  buy  many  things  which  they  now  cannot  afford, 
and  scores  of  countries  which  export  raw  materials  and 
luxury  products  would  feel  the  stimulus  of  rapidly  ex¬ 
panding  markets.  Their  expanded  demand  for  road 
building  machinery,  mining  machinery,  machine  tools, 
agricultural  implements,  locomotives,  railroad  cars, 
electrical  equipment^  trucks,  automobiles,  and  a  mul¬ 
titude  of  products  of  our  factories  would  create  a  mil¬ 
lion  or  more  additional  jobs  in  our  factories. 

Although  the  United  States  would  raise  its  standard 
of  living  by  increasing  its  imports  and  its  exports,  it 
should  honestly  face  the  fact  that  the  resulting  shifts  in 
production  and  employment  would  tempKjrarily  be  pain- 
fvil  for  some  i)eople.  The  increase  in  imports  would  be  in 
commodities  which  other  coimtries  can  produce  for  less 
than  the  cost  at  which  much  of  our  output  is  produced— 
such  as  sugar,  wool,  copper,  some  fats  and  oils,  wines, 
winter  vegetables  and  fruits.  The  increase  in  our  ex- 


What  role  should  the  United  States  play  in  recon¬ 
structing  the  world’s  international  economic  system? 

There  are  those  who  suggest  that  the  United  States 
be  a  more  or  less  permanent  Santa  Claus.  They  believe 
that  an  excess  of  exports  could  be  financed  only  by 
“loans”— loans  that  would  eventually  turn  into  gifts,  af¬ 
ter  producing  bitter  controversy  over  why  the  “debtor” 
coxmtry  did  not  meet  its  obligations.  The  persons  who 
assert  that  full  employment  can  be  provided  only  by  an 
excess  of  exports  are  in  effect  saying  that  our  economy 
cannot  become  self-supporting.  That  is  a  confession  of 
economic  defeatism  which  a  young  and  vigorous' nation 
should  not  be  willing  to  make. 

The  most  immediate  contribution  which  the  United 
States  can  make  to  world  reconstruction  is  to  make  it¬ 
self  prosperous. 

Prosperity  here  means  a  large  demand  by  our  indus¬ 
tries  for  imports.  The  more  we  import,  the  easier  will  it 
be  for  foreign  coimtries  to  meet  their  large  and  urgent 
needs  for  goods.  In  1939,  with  a  gross  national  product 
of  $100  billion,  our  imports  were  $3  billion.  After  the 
war,  with  55  million  people  employed  and  a  gross  na¬ 
tional  product  of  $155  billion,  our  imports  would  be 
about  $7  billion  or  $8  billion. 

Not  only  should  the  United  States  make  itself  pros¬ 
perous,  but  it  should  keep  itself  prosperous.  So  impor¬ 
tant  is  the  United  States  in  the  world  economy  that  a 
depression  here  is  bound  to  produce  a  disastrous  drop 
in  the  price  of  raw  materials  throughout  the  world  and 
to  throw  most  countries  into  an  economic  tailspin. 

The  United  States  should  support  the  principle  of  a 
large  fund  to  protect  the  exchanges  of  the  world  from 
temporary  pressure.  We  should  not  permit  differences 
over  the  details  to  prevent  its  establishment  in  ample 
time  to  be  available  during  the  critical  period  when 
war-stricken  countries  will  need  goods  far  in  excess  of 
their  immediate  ability  to  pay  for  them.  Some  arrange¬ 
ment,  even  though  imperfect  in  details,  will  be  infinitely 
superior  to  no  arrangement. 

Finally,  the  United  States  should  take  the  lead  in 
breaking  down  barriers  to  trade.  We  are  the  logical 
country  to  do  this,  partly  because  of  our  immense  do¬ 
mestic  market,  and  partly  because  for  most  of  the  last 
twenty-five  years  this  country  has  been  able  to  sell 
other  countries  more  goods  than  they  have  been  able 
to  sell  to  us.  One  of  the  greatest  contributions  which 
the  United  States  could  make  to  a  sound  and  expand¬ 
ing  world  economy  would  be  to  bring  our  imports,  as 
soon  as  practicable,  up  to  our  expK)rts.  In  other  words, 
the  United  States,  in  the  long  run,  should  be  hard  to 


The  very  fact  that  in  economic  matters  the  rest  of  the 
world  is  dependent  upon  the  United  States,  exposes  our 
country  to  great  demands  and  to  envy  and  misunder¬ 
standing.  The  United  States  must  be  willing  to  help  the 
rest  of  the  world,  but  its  help  should  take  the  form  of 
assisting  other  countries  to  help  themselves.  Never  in 
all  history  has  one  country  had  such  an  opportimity  to 
give  the  world  a  rising  standard  of  living,  to  foster  con¬ 
ditions  under  which  peace  flourishes.  What  greater 
tragedy  could  there  be  than  to  make  the  sacrifices 
which  we  are  now  making  and  fail  to  seize  this  chance 
to  create  a  world  of  hope  and  opportunity  in  which  the 
spirit  of  goodwill  among  nations  is  able  to  flourish. 


President  McGraw-Hill  Publishing  Company,  Inc. 
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fop  Five*  Seconds 
or  Five  Hours 


Push  Button  Switches 


Mallory  Circuit  Selector 
^tv(<rfc««  — Single  gang  and 
multi-gang  typea.  Low  ca par¬ 
ity,  low  reaistance,  silver-Ux- 
itilver  contacts,  extreme  flexi¬ 
bility  in  circuit  and  coil 
combinations. 

Mallory  Jack* — Long  frame, 
junior,  midget.  Signal  Corps 
and  extension  types.  Spring 
lombinations  for  practically 
any  application. 

Mallory  Plugr  —  Two  and 
three  conductor  types  in  bake- 
lite  or  shielded  nickel  shell. 

I  Tips  insulated  from  sleeves 
I  to  prevent  shorting. 

I  Mallory  Dial  Light*  —  In 
I  screw  base  and  bayonet 
i  base  types. 


Many  products  on  today's  drawing  boards  call  for  manual  make  and 
break  of  the  electrical  circuit — either  momentary  or  locked  for  an 
indefinite  period.  The  answer  to  that  need  is  provided  by  Mallory  in  this 
versatile,  dependable  Push  Button  Switch. 

The  switch  is  available  in  two  different  types:  a  non-locking  model  which 
operates  only  when  the  button  is  pushed  in  and  releases  on  removal  of 
pressure  .  .  .  and  a  locking  switch  which  maintains  its  position  when  the 
button  is  pushed  in,  and  is  released  only  when  the  button  is  pulled  out. 
In  either  case,  eight  circuit  combinations  are  provided,  and  the  switches 
can  be  mounted  on  panels  up  to  ^  inch  thick  with  a  ^ngle  hole 
inch  in  diameter. 

For  other  precision  electronic  parts  geared  to  today’s  specifications  and 
backed  by  Mallory’s  wide  application  knowledge,  send  for  the  Mallory 
Catalog  or  see  your  Mallory  distributor.  A  few  typical  Mallory  products 
are  mentioned  at  the  left. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 

Serving  the  Aviation^  Electrical,  Electronics  and  Industrial  Fields 


There  are  Bomte  That  Tie 
You  to  Your  Fighting  Mam 
— Government  tTar  BontUi 


Approved  Precisidll  Products 
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CROSS 


**An  alert  Navy  must  have  appropriations  from  Congress  for  extensive 
research  fn  time  of  peace.  Research  before  a  war  is  the  only  research 
which  will  do  us  any  good  on  the  day  the  enemy  strikes** 

James  Forrestal,  Secretary  of  the  Navy,  Saturday  Evening  Post,  June  24,  1944. 


^RESEARCH  ...  It  is  an  unfortunate  fact  that  a 
very  great  deal  of  the  research  which  is  now  bearing 
us  such  good  fruit  in  the  war  was  started  almost  too 
late.  In  some  branches  of  the  armed  services,  for- 
ward-lcoking  research  had  practically  ceased,  either 
due  to  lack  of  foresight  or  imagination,  or  due  to 
the  fact  that  Congress  would  not  provide  the  funds 
for  it.  After  every  war,  the  people  lull  themselves  to 
sleep  with  the  happy  hopes  that  no  further  war-like 
expenditures  will  be  necessary,  and,  therefore,  no 
more  taxes  need  be  collected  for  preparation  for 
future  conflicts. 

Admiral  Mahan,  in  his  well  known  treatises  on  naval 
history,  cites  chapter  and  verse  to  show  that  after 
every  war  in  which  this  country  is  engaged  there 
arises  a  clamor  to  stop  all  warlike  activities,  to  get 
back  to  “normal”  and  to  stop  spending  money  so  that 
the  people  can  make  more  of  it. 

As  soon  as  peace  seems  close,  watch  for  an  outcry 
to  lower  taxes,  to  stop  the  expense  of  further  research. 
Watch  for  all  of  the  age-old  arguments  which  a  people, 
tired  of  war,  eternally  advance  for  going  back  to  sleep. 
R  emember  that  savings  made  by  stopping  research 
»re  only  illusory;  that  money  saved  before  a  war  is 


spent  many  fol<k  after  a  war  starts ;  that  abundant 
research  prior  to  a  war  may  prevent  it  entirely. 


►  STANDARDIZATION  .  .  .  Some  people  make  a 
fetish  of  the  business  of  standardization.  Certainly 
the  subject  can  be  worked  so  hard  that  the  potential 
benefits  are  not  secured.  Yet  the  recent  happy  con¬ 
clusion  of  the  conflict  in  the  symbols  used  for  elec¬ 
tronic  components  leads  one  to  hope  that  additional 
benefits  could  be  secured  by  some  standardization  of 
the  components  themselves. 

The  vast  number  of  different  types  of  electronic 
components  is  a  great  waste  of  manufacturing  effort, 
a  waste  of  storage  space,  a  great  burden  on  radio 
service  agencies  and  a  great  trouble  to  manufacturers 
and  users  of  radio  sets. 

Most  of  the  different  tsrpes  of  components  vary  from 
each  other  in  minor  degree  only;  a  very  great  many 
of  them  could  be  eliminated.  It  is  true  that  the  de¬ 
signer  who  uses  the  components  would  have  fewer 
types  to  choose  from — but  it  is  a  fair  assumption  that 
he,  too,  would  find  his  problems  simplified,  not  magni¬ 
fied,  by  standardization  of  this  kind. 


CBfiN 

NOUTh  tcm) 


Broadcast  Relay  System 


Remote  valleys  in  rugged  western  Canada  are  difficult  to  serve  by  conventional  broad¬ 
cast  methods.  The  problem  is  solved  by  installing  25-watt  transmitters  in  local  telegraph 
and  telephone  offices  through  which  network  audio  flows  and  feeding  part  of  the  r-f 
output  of  these  transmitters  back  into  the  wire  lines,  which  serve  as  carrier  conductors 


any  trace  of  interference  on  tele¬ 
phone,  telegraph  or  carrier-tele¬ 
graph  channels. 

It  was  not  possible  to  make 
many  field-strength  measurements 
at  the  time,  but  readings  on  sig¬ 
nals  radiated  directly  by  the  an¬ 
tenna  and  not  aided  by  telegraph 
line  carrier  characteristics  indi¬ 
cated  approximately  100  micro- 
volts-per-meter  at  points  five  miles 
away  from  the  transmitter.  On  the 
other  hand,  due  to  the  carrying 
effect  of  the  telegraph  circuits,  the 
signal  at  points  up  to  500  feet 
from  these  circuits  and  15  miles 
from  the  transmitter  gave  read¬ 


ings  of  300  microvolts-per-meter 
or  more.  The  signal  radiated  by 
the  telegraph  lines,  which  could 
be  followed  up  and  down  the  right- 
of-way  for  approximately  40  miles, 
transferred  to  local  circuits  at 
Yale  and  Lytton,  providing  a  use- 
able  signal  even  at  these  points  al¬ 
though  both  are  well  outside  the 
normal  ground-wave  service  area. 


mitter  was  connected  to  the  com¬ 
mon  equipment  ground.  The  an¬ 
tenna  consisted  of  an  inverted  L 
with  a  flat  top  120  ft  long,  run¬ 
ning  slightly  above  and  approxi¬ 
mately  parallel  with  the  telegraph 
lines. 

During  field-test  periods  power 
output  was  maintained  at  16.2 
watts.  Peak  program  modulation 
was  held  at  60  percent  except  dur¬ 
ing  station  breaks,  at  which  times 
the  transmitter  was  switched  to 
icw  and  the  output  raised  to  20 
watts.  Even  during  the  latter 
periods  local  and  distant  repeater 
operators  were  unable  to  detect 


Practical  Application 

The  financial  failure  and  closure 
of  the  privately  owned  station  in 
Revelstoke,  in  the  late  fall  of  1940, 
and  subsequent  requests  from  list¬ 
eners  in  that  aVea  for  continued 


FIG.  3 — (below)  The  experimental  low- 
power  relay  station,  installed  in  a  tele¬ 
graph  repeater  office  at  North  Bend. 
It  is  now  in  permanent  use 


FIG.  2 — (above)  Relief  map  of  British  Columbia.  Circles  indicate  the  loca¬ 
tion  of  low-power  relay  stations  radiating  a  portion  of  their  r-f  output  into  tele¬ 
phone.  telegraph  and  power  lines  as  discussed  in  this  article.  Triangles  show 
other  stations  of  the  CBC  and  squares  identify  private  commercial  stations 
associated  with  the  network.  1 — CBR-CBRX.  Vancouver;  2 — CFPR.  Prince 

Rupert;  3 — CBRG,  Prince  George;  4 — CBRQ.  Quesnel;  S — CBRL,  Williams  Lake; 
B— CBRN.  North  Bend;  7— CBRA.  Revelstoke;  8— CBRM.  Creston:  9— CBRK. 
Kimberley;  10 — CBRR,  Cranbrook;  11 — CBRF,  Fernie;  12 — CJVI,  Victoria;  13 — 
CIOR-CKWX.  Vancouver;  14— CHWK.  ChilUwack;  15— CFJC,  Kamloops;  16— 
CKOV.  Kelowna;  17— CJAT,  Trail;  18— CKLN.  Nelson 
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British  Columbia’s 
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FIG.  1 — R*T»Utoke.  B.  C..  thowing  the  nature  of  the  terrain  which  renders 
broadcast  serrice  difficult  in  this  Canadian  proTince 


The  mountains  which  have  made 
British  Columbia  so  attractive 
to  the  tourist  and  so  rich  in  min¬ 
erals,  present  many  difficult  prob¬ 
lems  to  engineers.  Among  these  is 
the  very  real  problem  of  provid¬ 
ing  satisfactory  radio  reception 
for  scattered  groups  of  listeners 
residing  in  remote  valleys  among 
several  mountain  ranges  which  di¬ 
vide  the  province.  To  the  ex¬ 
tremely  rapid  attenuation,  of  the 
ground  wave  associated  with  rocky 
terrain  must  be  added  the  adverse 
effects  of  radio  shadows  and  re¬ 
flections  from  high  mountains 
such  as  those  pictured  in  Fig.  1 
and  2. 

Due  to  these  conditions,  it  soon 
became  evident  that  adequate 
coverage  could  not  be  provided 
with  one  or  two  high-powered 
transmitters,  regardless  of  how 


strategically  these  might  be  lo¬ 
cated.  While  the  use  of  short¬ 
wave  transmitters  offered  a  par¬ 
tial  solution,  the  wide  angle  of 
transmission  required  and  the  dis¬ 
tances  involved  were  deciding  fac¬ 
tors  in  limiting  this  means  of 
transmission  to  auxiliary  service. 
The  method  finally  adopted  utilizes 
numerous  low-power  transmitters 
operating  on  standard  broadcast 
channels.  Some  of  the  power  from 
these  transmitters  is  fed  into  ex¬ 
isting  wire  lines  serving  the  re¬ 
mote  valleys  and  this  is  the  most 
important  feature  of  the  system. 

Initial  Tntt  Rciults 

Everyone  who  has  made  field- 
strength  measurements  knows  that 
telephone,  telegraph  and  power 
circuits  act  as  carrying  conductors 
for  radio  waves.  With  this  in 


By  N.  R.  0LDIN6 

Regional  Engineer 
Canadian  Broadoaeting  Corp. 
Vancouver,  B.  0. 


mind,  a  test  unit  was  set  up  with 
the  following  objects  in  view: 

(1)  To  determine  the  minimum 
power  required  to  serve  a  com¬ 
munity  of  from  500  to  5000  popu¬ 
lation. 

(2)  To  determine  the  improve¬ 
ment  in  coverage  obtainable  by 
utilizing  the  carrying  effect  of 
nearby  copper  circuits. 

(3)  To  determine  whether  or 
not  it  would  be  possible  to  feed 
limited  power  into  local  copper  cir¬ 
cuits  without  creating  interference 
on  telephone  and  carrier-telegraph 
circuits. 

North  Bend,  a  small  railway 
town  on  the  banks  of  the  Fraser 
River  at  a  point  known  as  the 
“Gateway  to  the  Cariboo”,  was 
chosen  as  a  test  site.  In  view  of 
the  nature  of  the  tests  to  be  con¬ 
ducted,  the  site  had  much  to 
recommend  it.  The  town  is  on  a 
narrow  ledge  between  a  mountain 
and  the  river  and  on  the  other 
side  of  the  river  a  similar  condi¬ 
tion  prevails.  The  nearest  center 
of  population  to  the  south  is  at 
Yale,  about  twenty-three  miles 
airline,  and  the  nearest  center  of 
population  to  the  north  ip  at  Lyt- 
ton,  twenty-five  miles  airline.  (A 
Canadian  Pacific  Communications 
repeater  station,  carrying  CBC 
network  service,  is  located  in 
North  Bend  and  the  strongest  day¬ 
time  signal  on  the  broadcast  band 
was  somewhat  less  than  1.0  micro- 
volt-per-meter.) 

A  Marconi  TR50P  shortwave 
transmitter,  converted  for  use  on 
840  kc  and  operated  under  experi¬ 
mental  license  VE9BC,  was  in¬ 
stalled  in  the  local  telegraph  re¬ 
peater  station  as  shown  in  Fig.  3. 
The  ground  lead  from  the  trans- 
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radio  manufacturer,  Vancouver 
Radio  Laboratories,  Ltd.,  on  the 
design  of  suitable  units.  (A  num¬ 
ber  of  equipment  photos  included 
here  were  supplied  by  the  Labora¬ 
tories.)  This  arrangement  proved 
very  satisfactory  as  the  local  plant 
already  had  considerable  experi¬ 
ence  in  the  construction  of  trans¬ 
mitting  units  to  be  used  in  remote 
districts  where  long  life  with  a 
minimum  of  service  were  essential 
factors.  The  resulting  design  is 
shown  schematically  in  Fig.  4. 

Requirements  1  and  2  were  met 
by  the  use  of  two  807’s  or  RK39’s 
operated  in  parallel  with  390  volts 
on  the  plates,  as  the  modulatcTd 
r-f  amplifier,  and  two  similar 
tubes,  operating  with  400  volts  on 
the  plates,  as  class-B  modulators. 

Requirement  3  was  met  by  the 
use  of  inductive  tuning  in  the  an¬ 
tenna  tuning  unit  and  by  the  use 
of  a  three-turn  lightning  choke, 
with  horn  gap  to  ground  on  the 
antenna  side  of  the  choke.  This 
choke  is  installed  outside,  at  the 
point  where  the  lead-in  bus  enters 
the  building.  A  typical  antenna  in¬ 
stallation  is  shown  in  Fig.  5. 

Requirement  4  was  met  by  the 
use  of  a  Thordarson  350-watt  volt¬ 
age-regulating  transformer  be¬ 
tween  the  local  power  outlet  and 
the  110  volt  a-c  input  to  the  trans¬ 
mitter. 

Items  6  and  6  were  met  by  the 
use  of  four  meters.  Instead  of 
reading  antenna  current  directly, 
a  0  to  1  ma  d-c  milliameter  read¬ 
ing  rectified  carrier  is  used  to  in¬ 
dicate  normal  antenna  current  and 
at  the  same  time  provide  a  means 
of  maintaining  proper  current  for 
the  operation  of  the  percentage- 
modulation  indicating  meter.  A  0 
db  at  six  milliwatt  volume-indi¬ 
cating  meter  provides  both  input 
audio  and  percentage  modulation 
readings.  The  rather  novel  circuit 
used  is  discussed  more  fully  later. 
Final  amplifier  plate  voltage  and 
current  meters  provide  the  other 
•essential  readings. 

Item  7  was  incorporated  with 
the  input  and  output  V.  I.  meter 
circuit 

Item  8  was  met  by  the  use  of 
meter  jacks  and  screwdriver-oper¬ 
ated  controls  which  are  normally 
concealed  and  protected  by  a  dress 
panel. 

Item  10  was  met  by  the  use  of  a 


0.001  fixed-mica  tank  capacitor  in 
the  modulated  amplifier  stage  and 
loose  link-coupling  between  the 
final  amplifier  tank  coil  and  the 
antenna  tuning  unit. 

Items  11  and  12  were  met  by  the 
use  of  high-quality  audio  com¬ 
ponents  and  by  the  addition  of  a 
single  stage  of  audio  amplification 
before  the  class-B  driver  stage. 

Transmitfer  Design  Details 

The  transmitters  are  made  up 
of  three  units,  as  pictured  in  Fig. 

6.  The  top  section  contains  the 
speech  amplifier,  modulator,  crys¬ 
tal  oscillator,  buffer  and  modu¬ 
lated  r-f  amplifier,  shown  in 
greater  detail  in  Fig.  7.  The  oscil¬ 
lator  and  buffer  tank  coils  are 
mounted  in  a  shield  can  on  top  of 
this  chassis,  while  the  final  ampli¬ 
fier  tank  coil  and  the  antenna  load¬ 
ing  coil  are  mounted  on  the  in¬ 
side  of  the  top  of  the  cabinet. 

Referring  again  to  Fig.  4,  the  ‘ 
r-f  section  of  the  transmitter  con¬ 
sists  of  a  6V6  crystal  oscillator 
very  loosely  coupled  to  a  6V6  oper¬ 
ating  as  a  high-mu  triode  buffer. 
The  buffer  is  capacitance-coupled 
to  two  807’s  or  RK39’s  connected 
in  parallel  and  operating  as  a 
class-C  modulated  amplifier.  A 
0.001-jLif  fixed-mica  capacitor  is 


connected  across  the  final  amplifier 
tank  coil  and  the  circuit  is  tuned 
to  resonance  by  means  of  taps  and 
a  rotor  in  the  L,  coil  form. 

The  antenna  circuit  is  reson¬ 
ated  by  means  of  a  tapped  induct¬ 
ance  and  a  rotor  in  the  Lt  coil 
form.  The  tank  circuit  and  the  an¬ 
tenna  circuit  are  coupled  by 
means  of  a  link  which  has  fixed 
coupling  at  the  tank  coil  end  and 
an  adjustable  sliding  coupling  at 
the  antenna  tuning  coil  end. 

The  oscillator  and  buffer  plate 
circuits  are  tuned  by  means  of 
variable  capacitors.  The  tuning 
knobs  are  mounted  on  the  front 
of  the  top  chassis  but  are  nor- 
nially  concealed  by  the  dress 
panel.  Four  jacks  are  provided  on 
the  top  chassis  for  test-metering 
the  oscillator  plate,  buffer  grid, 
buffer  plate  and  final  amplifier 
grid  circuits. 

The  speech  equipment  consi.sts 
of  a  6C5  audio  amplifier,  6C5 
driver  and  two  807’s  or  RK39’s  in 
push-pull  as  modulators.  The  in¬ 
put  transformer  is  10,000  ohms 
•  bridging,  and  the  balanced  pri¬ 
mary  terminal  and  center-tap  leads 
are  brought  out  to  the  rear. 

The  center  unit  contains  a  6H6 
carrier  rectifier  and  6V6  amplifier. 
Four  meters  are  mounted  on  the 


FIG.  5 — The  telegraph  itation  at  North  Bend,  in  which  the  broadcast  relay 
transmitter  using  the  call-letters  CBRN  is  installed.  The  tall  white  pole  just 
to  the  left  of  the  bidlding  supports  one  end  of  the  antenna,  which  runs  im¬ 
mediately  oboTe  and  parallel  to  the  telegraph  wires  which  appear  beneath 
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FIG.  4 — Schematic  oi  the  low-power  relay  transmitter  iinally 
deeeloped  ior  use  at  a  number  ol  locations  in  British  Columbia. 
The  r-f  portion  of  the  unit  may  be  seen  at  the  upper  left;  the 


was  proposed  to  fuse  each  major 
circuit  separately  and  to  construct 
the  unit  so  that  individual  chassis 
units  could  be  readily  removed 
when  required. 

(10)  The  antenna  coupling  unit 
and  final  amplifier  tank  should  be 
designed  to  permit  efficient  coup¬ 
ling  with  a  minimum  of  harmonic 
radiation. 

(11)  Frequency  response  should 
be  equal  to,  or  better  than,  that  of 
the  network,  or  =1=  2  db  from  100 
to  5000  cycles. 

(12)  The  audio  input  should  be 
arranged  for  bridging  across  a 
600-ohm  line  and  the  input  ampli¬ 
fier  should  have  sufficient  gain  to 
permit  100  percent  modulation 
peaks  to  be  attained  on  line  levels 
as  low  as  —  10  to  —  20  db. 

(13)  Last,  but  most  important, 
all  components  should  be  oper¬ 
ated  well  below  their  rated  ca¬ 
pacity. 

As  no  equipment  meeting  all 
these  requirements  was  available 
on  the  market,  arrangements  were 
made  to  cooperate  with  a  local 


service,  presented  an  immediate  (3)  The  antenna-tuning  unit 
opportunity  for  the  CBC  Engi-  should  be  relatively  free  from  fail- 
neering  Division  to  put  the  fore-  ure  due  to  static  or  lightning, 
going  experience  to  practical  test.  (4)  The  unit  should  give  long 
On  October  22nd,  1940,  the  first  and  reliable  service  on  fluctuating 
“Low-Power  Relay  Transmitter”,  or  poorly  regulated  power  supply, 
operating  under  the  call  CBRA,  (5)  A  minimum  of  meters  con- 

was  installed  and  placed  in  opera-  sistent  with  reliable  operation 

tion  on  a  sixteen-hour-a-day  should  be  used, 
schedule.  In  the  beginning  the  (6)  Meters  should  be  provided 
converted  Marconi  unit,  with  some  to  measure  the  audio  input  level, 
further  refinements  such  as  tern-  antenna  current,  percentage  mod- 

perature  control  of  the  crystal  ulation,  final  amplifier  plate  volt- 

oscillator,  was  used.  Although  age  and  final  amplifier  plate  cur- 
this  transmitter  was  designed  for  rent. 

intermittent  service  it  stood  up  (7)  The  unit  should  incorpor- 
well.  However,  because  many  ate  a  monitor,  with  provisions  to 
other  points  were  demanding  im-  switch  the  input  to  either  the 
proved  service,  the  development  of  audio  line  or  the  rectified  r-f  car- 
a  special  transmitter  unit  which  rier. 

would  work  into  various  antennas  (8)  As  the  unit  would  in  many 
and  on  erratic  local  power  sui>-  cases  be  operated  by  relatively  in- 
plies  was  undertaken.  experienced  personnel,  a  minimum 

The  requirements  were  as  fol-  of  adjustable  controls  should  ap- 
lows :  pear  on  the  exposed  panel  and  the 

(1)  The  power  output  should  be  operation  should  be  limited  to 

between  20  and  25  watts.  throwing  switches  on  and  off  and 

(2)  The  tube  line-up  should  be  reading  the  meters. 

as  simple  and  efficient  as  possible.  (9)  As  an  aid  to  servicing,  it 
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part  of  each  installation.  This 
method  of  emergency  servicing  has 
proved  quite  satisfactory  in  the 
few  cases  where  it  has  been  re¬ 
quired. 

Another  installation  of  particular 
interest  is  that  at  North  Bend, 
where  local  110-volt  a-c  power  is 
not  available  during  the  day.  At 
this  point  the  transmitter  operates, 
for  a  part  of  the  broadcast  period, 
on  one  of  the  130-volt  repeater  stor¬ 
age  batteries.  The  voltage  is 
dropped  to  115  volts  by  means  of  a 
series  resistor  and  is  converted  to 
116  volts  a-c  by  means  of  a  type 
233  Electronic  Labs.,  Inc.  vibrator- 
converter.  As  the  frequency  of  the 
local  power  is  fairly  constant  and  as 
the  battery-charging  time-cycle  is 
short,  the  voltage-regulating  trans¬ 
former  was  eliminated  at  this  point. 
When  operating  on  batteries  the 
direct  current  drain  varies  from  3.1 
(start)  to  2.8  (finish)  amperes.  The 
normal  a-c  input  to  other  units 
averages  248  watts,  but  the  addi¬ 
tion  of  the  voltage-regulating  trans¬ 
former  naturally  increases  the 
input  slightly. 


Eists  of  bringing  •  the  antenna, 
round,  audio  and  power  leads  to 
!ie  transmitter  unit  and  connecting 
i^them  to  the  proper  terminals.  When 
Ithis  has  been  done  the  equipment  is 
turned  on  and  the  antenna  circuit  is 
tuned  to  resonance.  The  output  is 
then  adjusted  by  means  of  the  vari¬ 
able-link  coupling  and,  when  prop¬ 
erly  adjusted,  tone  from  an  audio 
'oscillator  is  fed  to  the  input  at  the 
normal  peak  program  level  at  that 
{loint  and  the  balance  of  the  adjust¬ 
ments  are  made  so  that  all  meters 
read  correctly.  During  the  installa¬ 
tion  a  cathode-ray  oscilloscope  and 
standard  impedance  and  distortion¬ 
measuring  sets  are  used  to  assure, 
normal  operation. 

The  operators^  who  are  usually 
members  of  the  telegraph  repeater 
i  staff,  are  instructed  in  the  general 
'  operation  of  the  equipment  and  are 
p  shown  how  to  detect  defective  tubes 
[and  replace  fuses.  They  are  re- 
Iquired  to  check  the  transmitter  at 
E  least  four  times  a  day  and  enter  all 
[readings  on  a  log  sheet  which  is 
[provided.  For  the  first  few  weeks 
{these  logs  sheets  are  forwarded  to 
{the  CBC  regional  engineer’s  office 
I  once  a  week,  but  if  the  unit  operates 
I  normally  during  the  trial  period  the 
{operators  are. requested  to  submit 
r  log  sheets  every  two  weeks.  On  re- 
i  ceipt  of  these  logs  the  average  read¬ 
ings  for  each  10th  day  of  operation 
are  entered  on  a  special  sheet  and 
in  this  way  there  is  a  permanent 

[record  which  shows  the  gradual 
failure  of  tubes,  etc.  If  no  ab¬ 
normal  readings  or  actual  off-air 
periods  are  noted  the  units  are 
checked  three  to  four  times  a  year. 

!The  checking  is  very  thorough  and 
is  similar  in  most  respects  to  the 
check  made  during  the  original 
installation. 

In  order  to  avoid  long  rush-trips 
to  service  a  single  unit  which  has 
failed  in  service,  arrangements 
have  been  made  with  a  selected 
radio  serviceman  in  each  locality  to 
:  handle  emergency  calls.  This  man 
is  supplied  with  a  maintenance 
manual  and  up-to-date  service  data 
I  sheets.  The  men  selected  for  this 
1  work  are  ex-amateurs,  commercial 
radiophone  and  code  operators, 
qualified  radio  servicemen  or  motion 
picture  projectionists.  Except  for 
'  emergency  and  temporary  repairs 
all  parts  are  supplied  by  the  CBC 
and  spare  tubes,  fuses,  etc.,  form  a 


FIG.  7 — Front  and  top  riowi  of  tho  rJ 
and  ad  chostU  forming  tho  top  dock 
of  tho  CBC  low-powor  broadcast  rolay 
tronsmittor 


In  British  Columbia  the  predomi¬ 
nant  station  is  CBR,  hence  the  net¬ 
work  satellite  transmitters  are 
assigned  calls  CBRA,  CBRG,  etc. 

Improvomonts  in  Fntnro  Units 

It  requires  long  periods  of  serv¬ 
ice  to  show  where  improvements 
can  be  made  and  in  the  case  of  ex¬ 
isting  and  new  units  the  following 
conversions  will  be  made: 

(a)  Oil-type  filter  capacitors  will 
be  installed  to  replace  all  high- 
voltage  electrolytic  units. 

(b)  All  toggle  switches  will  be 
replaced  by  switches  which  will 
handle  considerably  heavier  loads. 
(The  primary  power  switch  some¬ 
times  fails  in  service  although  oper¬ 
ated  within  the  rated  load.  The 
contact  resistance  of  the  loud¬ 
speaker  off-on  switch  increases  with 
use  until  it  becomes  appreciable  in 
relation  to  the  relatively  low  im¬ 
pedance  of  the  voice  coil  or  resistive 
load) . 

(c)  The  loudspeaker  unit  will  be 
fitted  with  a  volume  control. 

(d)  The  first  audio  amplifier 
stage  will  be  deleted,  as  the  ampli¬ 
fication  provided  by  this  stage  is 
not  normally  required. 

In  addition  to  these  changes, 
(Continued  on  page  304) 
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second  power  unit  furnishes  the 
heater  power  for  all  of  the  r-f 
tubes  and  B  voltage  for  the  clasa- 
C  amplifier.  The  third  power  unit 
supplies  the  heaters  of  the  audio 
tubes  and  furnishes  the  B  voltage 
for  the  ■modulator  tubes. 

A  separate  transformer,  which 
remains  energized  at  all  times, 
supplies  the  power  for  the  crystal 
heating  unit. 

Typical  Inttallafieas 

The  first  of  the  new  units  was 
installed  in  Revelstoke  in  July, 
1942,  as  noted  in  an  earlier  para¬ 
graph.  This  was  followed  by  installa¬ 
tions  at  North  Bend  in  September, 
1942,  in  the  East  Kootenay  area  at 
Fernie,  Cranbrook,  Kimberley  and 
Creston  in  December,  1942,  and  in 
the  Cariboo  area  at  Williams 
Lake,  Quesnel  and  Prince  George 
in  August,  1943.  In  addition  to 
the  units  installed  in  B.  C.,  three 
units  have  been  shipped  to  east¬ 
ern  Canada  and  are  now  in  serv¬ 
ice  in  Sioux  Lookout  and  Nakina, 
Ontario,  and  in  Edmunston,  New 
Brunswick. 

Station  CBRF,  operating  on  940 
kc  at  Fernie,  is  installed  in  the 
Canadian  Pacific  Railway’s  com¬ 
munication  office  in  the  Fernie 
railway  station.  The  antenna  is 
an  inverted  L  running  NE  and 
SW,  parallel  with  the  telegraph 
lines  and  railway  tracks.  The  flat 
top  is  112  ft  long  and  50  ft  high. 
The  lead-in  runs  NW  from  the  SW 
end  of  the  antenna  and  is  78  ft 
long.  The  ground  system  is  buried 
in  and  around  the  station  garden 
plot.  It  consists  of  500  ft  of  No.  10 
bare  copper  wire  buried  under 
the  antenna  in  the  form  of  three 
parallel  wires  cross-connected  at 
the  center  and  at  both  ends.  Each 
of  these  wires  is  securely  fastened 
and  soldered  to  the  transmitter 
ground  lead,  which  is  a  No.  6  rub¬ 
ber-covered  flexible  stranded  cop¬ 
per  cable.  The  lightning  ground 
lead  consists  of  a  similar  cable 
connected  to  a  six-foot  ground  rod. 

As  no  equipment  rack  space  is 
available  at  this  point  the  trans¬ 
mitter  is  installed  on  a  small  table 
designed  to  accommodate  the 
transmitter  and  the  voltage-regu¬ 
lating  transformer. 

As  all  transmitters  are  tuned  to 
frequency  and  neutralized  before 
shipping,  the  field  installation  con- 


gain  control  is  reset  so  that  the 
meter  reads  0  db.  When  these 
readings  and  adjustments  are  be¬ 
ing  made  the  loudspeaker  switch 
must  be  in  the  “off”  position.  This 
substitutes  a  resistive  load  in 
place  of  the  voice  coil.  With  the 
switch  set  in  the  “modulation” 
position  and  the  transmitter 
turned  on  and  modulated  100  per¬ 
cent  at  1000  cycles,  the  coupling 
of  the  sampling  coil  in  the  antenna 
tuning  inductance  is  varied  until 
the  V.  I.  meter  reads  0  db  (100  per-, 
cent  modulation).  The  coarse  and 
fine  carrier-meter  adjustments  are 
then  set  so  that  the  carrier  meter 
reads  0.5  ma  (mid-scale).  There¬ 
after,  if  the  V.  1.  reads  0  db  when 
the  meter  switch  is  set  on  the  cali¬ 
brate  position,  the  meter  will  indi¬ 
cate  the  approximate  input  level 
in  db  when  the  switch  is  set  to 
“Input”  and  will  indicate  100  per¬ 
cent  modulation  when  the  switch 
is  set  in  the  “modulation”  position 
and  the  meter  reads  “0  db”. 

Three  separate  power  supplies 
are  mounted  on  the  bottom  unit. 
One  power  unit  supplies  the  heat¬ 
ers  on  the  middle  unit  and  B  volt¬ 
ages  to  the  crystal  oscillator,  buf¬ 
fer  and  monitor  amplifier.  The 


control  panel:  carrier  meter,  vol¬ 
ume  indicator,  milliammeter  and 
voltmeter.  The  latter  two  are  used 
to  read  the  input  to  the  final  ampli¬ 
fier.  Also  on  this  panel  are 
mounted  the  coarse  and  fine  con¬ 
trols  used  to  set  the  carrier  meter 
to  read  mid-scale,  the  filament 
“off-on”  switch,  the  plate  voltage 
“off-on”  switch,  a  meter  switch 
and  the  6V6  amplifier  gain  control. 

The  meter  switch  SW,  permits 
the  V.  1.  meter  to  be  connected  to 
(1)  the  calibrating  voltage,  (2) 
the  input  from  the  audio  network 
or  (3)  to  read  percentage  modula¬ 
tion.  With  loudspeaker  switch 
SW,  “on”,  the  meter  switch  also 
permits  oral  monitoring  either  off 
the  network  or  off  the  air. 

When  the  meter  switch  is  in 
“calibrate”  position  the  V.  I. 
meter-amplifier  is  connected  across 
a  fixed  a-c  calibrating  voltage 
whhih,  due  to  the  fact  that  a  pri¬ 
mary  voltage-regulating  trans¬ 
former  is  used,  is  reasonably  con¬ 
stant.  This  reading  will  indicate 
whether  or  not  there  has  been  any 
change  in  the  original  adjustment 
or  gain  of  the  amplifier.  If  the 
V.  I.  reads  other  than  zero  in  the 
calibrate  position  the  amplifier 
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FIG.  6 — Front  and  back  riewi  of  the  transmitter  design  finally  adopted.  Be¬ 
cause  these  transmitters  are  operated  by  men  in  telegraph  offices  and  others 
relotlTely  unfamiliar  with  such  equipment,  controls  to  which  they  hare  access 
are  limited.  Other  adjustments,  and  meter  jacks  for  use  by  serricemen  and 
CBC  engineers,  are  concealed  behind  dress  strips  on  the  front  panel 
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Current  flowing  through  water  between 
two  electrodes  sealed  in  the  system  oper- 
jles  an  electronic  relay.  The  relay  oper- 
ites  an  electromagnetic  valve  in  the  feed 
line  and  a  switch  through  which  power  is 
delivered  to  the  boiling-flask  heaters 


current  is  flowing  through  the  sole- 
loid  the  weight  of  the  core  and  stem 
is  sufficient  to  close  the*  valve. 

An  attempt  to  use  a  glass  float 
md  mechanically  operated  level  con¬ 
trol  proved  unsatisfactory.  This 
method  was  unreliable  and  made  it 
difficult  to  provide  suitable  sealing 
of  the  system. 
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Electrically  heated 
■tills  designed  for 
laboratory  use, 
with  insulating 
brick  remoTod  to 
show  the  ilosks. 
The  electronic  con¬ 
trol  unit  moy  be 
seen  on  the  wall  at 
the  upper  left 


Various  electronic 
methods  of  control  were  considered, 
including  photoelectric  cells,  radio¬ 
frequency  devices,  and  conductivity 
lircuits.  The  latter  seemed  to  offer 
!he  simplest  approach. 


The  Electroaic  Solutioe 

Although  stills  use  single-dis¬ 
tilled  water  having  a  low  con¬ 
ductivity  it  was  felt  that  a  sensi¬ 
tive  relay  might  be  employed  which 
vould  operate  under  these  condi¬ 
tions. 


type  was  tried  and,  although  it  a  more  positive  type  making  use  of 
could  be  made  to  operate  on  the  low  a  gas  tube  could  be  constructed, 
currents  available,  it  was  not  suit-  The  action  of  the  unit  finally  put 
able  for  reliable,  continuous  oper-  in  use  and  shown  schematically  in 
ation  because  of  the  need  for  con-  Fig.  2  is  quite  simple.  When  the 
stant  readjustment.  It  was  felt  that  circuit  between  Ti  and  T,  is  open 

the  gas  tetrode  is  maintained  non¬ 
conducting  during  the  positive 
swing  of  the  plate  by  applying  to 
the  grid  through  R3  the  negative 
swing  from  the  filament-supply 
winding  of  the  transformer.  The 
phase  is  advanced  slightly  by  the 
capacitance  coupling  to  potentiom¬ 
eter  Ri  in  order  to  compensate  for 
the  lag  introduced  by  the  trans¬ 
former.  The  exact  amount  of  phase 
advance  required  is  determined  by 
individual  transformer  characteris¬ 
tics. 

Tripping  of  the  unit  is  accom¬ 
plished  by  imposing  on  the  grid  a 
sufficiently  large  voltage  in  phase 
with  the  a-c  line  (or  plate)  voltage. 
This  occurs  when  Ti  and  T,  are  con¬ 
nected  together.  The  resistance  of 
this  connection  (single-distilled 
water  conductivity)  may  be  as  high 
as  60  megohms.  Protective  resistors 
Rt  and  R^  may  be  increased  up  to 


A  commercially  available 
[electronic  relay  of  the  hard-tube 
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FIG.  3 — Schsmatic  of  the  compiste  still-control  scheme,  showing  how  platinum 
probes  immersed  in  distilled  water  within  the  system  provide  the  necessary 
conductiTity  path  ior  operation  of  the  electronic  relay 
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AUTOMATI 
Of  Stills 


RCA  Laboratories 
Princeton,  X.  J. 


As  the  heater  po 


ing-flasks, 
never  exceeds  seven  kw  at  110  v,  i 
ordinary  electromagnetic  switch 
capable  of  controlling  the  heat 
current.  Control  of  the  water  le\; 
however,  is  a  more  difficult  mattt 
To  meet  the  requirements  of  an  a! 
glass  system  well  protected  again 
air-bome  contaminants,  a  speci 
type  of  valve  and  level  indicator 
required. 

An  electromagnetic  valve  d 
signed  by  Ralph  H.  Plumlee  a:^ 
constructed  as  shown  in  Fig. 
proved  satisfactory.  The  valve  I 
of  the  vertical-lift  type  utilizing 
spherical  ground-glass  joint  as  sa 
and  plunger.  A  soft-iron  laminate 
core  is  sealed  inside  the  glass  st^n 
which  extends  into  the  center  ( 
a  surrounding  solenoid.  Energiz 
tion  of  the  solenoid  lifts  the  plungt 
permitting  water  to  flow.  When  c 


dust.  The  two  glass  stills  are  con¬ 
nected  in  series,  the  first  being  run 
at  a  rate  approximately  twice  that 
of  the  second.  Thus  the  first  glass 
still  delivers  water  directly  to  the 
boiling  flask  of  the  second,  and  the 
excess  beyond  that  required  to 
maintain  a  constant  level  passes 
through  an  overflow  to  double-dis¬ 
tilled  water  storage.  The  second 
glass  still  delivers  to  triple-distilled 
water  storage. 

Two  such  combinations  are  in  use 
and  a  fifth  still  is  available  to  aug¬ 
ment  the  double-distilled  water  pro¬ 
duction  whenever  it  becomes  neces¬ 
sary. 

Th«  Ceatrol  Problem 

The  problem  of  automatic  control 
comprises  two  phases:  control  of 
electric  heater  current,  and  control 
of  the  water  level  in  the  glass  boil- 
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FIG.  1 — Eloctromognotfc  toIto  used  to 
control  tho  flow  of  wertor  to  tho  boiling 
flasks 


SOME  MATERIALS  used  in  the  field 
of  electronics,  such  as  phos¬ 
phors,  electron-emitting  coatings 
and  photosensitive  surfaces,  are  of 
the  impurity-sensitive  type.  The 
presence  of  one  part  in  a  million  of 
a  given  impurity  may  alter  some 
specific  property  by  several  orders 
of  magnitude.  It  follows  that  any 
chemical  research  concerned  with 
such  materials  will  require  re¬ 
agents  of  the  highest  purity. 

Since  water  is  used  in  large 
quantities  for  almost  all  chemical 
manipulations,  it  is  essential  that 
a  sufficient  supply  of  very  pure  wa¬ 
ter  be  available.  Three  distillations 
will  serve  to  produce  water  suitable 
for  most  uses.  Our  requirement  of 
approximately  10  gallons  per  day  of 
double-distilled  water  and  five  gal¬ 
lons  per  day  of  triple-distilled  water 
makes  it  desirable  that  some  sort  of 
continuous  system  be  employed 
which  will  operate  with  very  little 
attention. 

In  the  Laboratories,  the  primary 
distillation  takes  place  in  a  con¬ 
ventional  commercial  still  which 
feeds  its  product  into  a  large  glass- 
lined  storage  tank.  From  there  the 
water  is  fed  by  gravity  to  the  sec¬ 
ond  stage  of  distillation.  The  sec¬ 
ond  and  third  distillations  are  car¬ 
ried  out  in  all-Pyrex  stills,  com¬ 
pletely  protected  against  airborne 
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FIG.  2 — Circuit  of  the  electronic  relay  which  operates  the  Talre  illustrated  in 
Fig.  1  and  on  electromagnetic  switch  controlling  current-flow  to  electric 
heaters  beneath  the  boiling  flasks 
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FIG.  1 — Emrgy  (Rstrlbution  ol  mc- 
ondory  •l*ctroiis  produced  by  th»  im- 
poct  ol  primary  oloctrons  haring  a 
kiaotfc  onorgy  ol  1S5  rolte.  Tho  gonoral 
■hop*  of  thU.curro  holds  botwsen  20  to 
10,000  rolto 
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ated  almost  entirely  at  energi^ 
very  low  compared  with  the  pr 
mary  impact  energy.  This  is  not  si 
A  typical  curve  of  energy  dii 
tribution  of  secondary  electrons  i 
shown  in  Fig.  1.  In  this  graph  th 
number  of  secondary  electrons  rad 
ated  is  plotted  against  the  velocit 
(energy)  with  which  the  secondar 
electrons  are  shot  out  from  a  ra 
diating  surface.  These  secondar 
electron  energies  are  plotted  as 
percentage  of  the  primary  impae 
energy.  The  primary  impact  en 
ergy  is  166  volts.  It  will  be  ob 
served  that  an  appreciable  numb« 
of  secondaries  are  radiated  at  ei 
ergies  about  equal  to  the  primar 
impact  energy,  although  there  ar 
a  larger  number  radiated  at  ver 
low  velocities.  Very  thorough  r« 
searches  have  been  made  durin 
the  last  two  decades  into  this  ques 
tion  of  secondary  radiation  enerp: 
distribution.**" 


WHEN  AN  ELECTRON  current 
strikes  an  electrode  surface, 
or,  indeed,  any  surface,  an  emission 
of  secondary  electrons  is  produced. 
There  is  no  known  substance  in 
which  this  effect  does  not  occur.  In 
fact,  there  is  no  substance  which  is 
known  to  act  as  a  perfect  absorber 
of  any  electrons  which  may  impact 
onto  it. 

In  electronic  tubes,  secondary 
radiation  is  sometimes  useful,  and 
sometimes  undesirable.  The  pheno¬ 
menon  is  complex,  and  information 
about  it  is  scattered  in  various 
treatises  many  of  which  are  com¬ 
monly  read  only  by  those  interested 
in  pure  physics.  Most  of  these  pub¬ 
lications  deal  with  the  characteris¬ 
tics  of  secondary  radiation,  not 
from  any  interest  in  it  for  engineer¬ 
ing  purposes,  but  as  a  part  of  in¬ 
vestigations  into  atomic  structure. 

This  paper  includes  a  survey  of 
the  existing  information  on  sec¬ 
ondary  radiation  and  is  presented 
from  the  engineering  standpoint. 
It  includes  references  to  the  origi¬ 
nal  papers. 

In  most  treatises  on  secondary 
radiation  the  electron  energies  are 
expressed  in  volts.  The  velocity,  v, 
in  centimeters  per  second  of  an  elec¬ 
tron  which  has  fallen  through  an 
electrostatic  potential  of  V  volts  is 
V  —  5.95  X  10‘VV.  The  kinetic 
energy  of  the  electron  is  imr*  and 
is  therefore  proportional  to  the 
voltage  V.. 


FIG.  2 — Photographic  molhod  of  dotor- 
mlnlng  the  Tolocity  distribution  ol  soc- 
ondary  electrons.  A  magnetic  field  Is 
assumed  to  exist  In  the  space  above 
the  diaphragm,  with  a  direction  normal 
to  the  plane  ol  the  paper 
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MeHods  of  DetcrminiRg 
Emrgy  Distrlbatlon  Curve 

The  general  kind  of  energy  dit 
tribution  of  the  secondary  electroa 
shown  in  Fig.  1  appears  to  hold  ove 
quite  a  wide  range  of  primary  in 
pact  velocities  (20  to  10,00 
volts).*  It  has  been  confirmed  ver 
carefully  for  most  of  the  pur 
metals,  and  is  known  to  hold  in  get 
eral  for  the  other  materials  -n 
ployed  in  radio  tubes. 

This  kind  of  secondary  electro 
energy  distribution  does  not  appej 
to  depend  on  the  angle  of  incideni 
of  the  primary  beam  onto  the  end 
ting  surface,’ 


FIG.  3 — ^Anothsr  method  el  arrlviag  ot 
the  velocity  distribution  ol  secondary 
electrons.  Tho  magnetic  Held  in  this 
case  is  variable 


Energy  Disfribntlon  of  Secondary 
Electrons 

In  many  publications  on  elec¬ 
tronic  engineering,  as  distinct  from 
treatises  on  the  physics  of  secon- 
ary  electrons,  it  is  sometimes  stated 
that  secondary  electrons  are  radi¬ 


nor  does  it  app ‘2 
to  depend  on  the  angle  of  emerge ni 
of  the  secondary  electrons,  tho' s 
this  point  does  not  appear  to  ha^ 
been  quite  so  conclusively  demr 


FIG.  4 — The  retarding  potential  method 
of  orriving  at  the  velocity  distrlbntion 
of  secondary  electrons  radiated  In  a 
specific  direction 
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K  thorough  survey  of  existing  American,  British  and  other  information  on  the  subject, 
irranged  for  maximum  usefulness  to  electronic  engineers  engaged  in  designing  electron 
[iiultipliers,  dynatrons,  beam  tetrodes,  pentodes  and  other  tubes  in  which  secondary 
electrons  resulting  from  electron  bombardment  are  either  utilized  or  suppressed 
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itrated  by  workers  in  *  this  field. 

In  Fig.  2  an  electron  grun  is  ar- 
-anged  to  produce  a  beam  of  pri- 
nary  electrons  at  a  known  velocity, 
rhe  primary  electrons  are  arranged 
to  collide  with  a  surface  which 
then  radiates  secondary  electrons. 
Some  of  the  secondary  electrons 
pass  through  an  aperture  in  a 
diaphragm  into  a  space  in  which 
there  exists  a  homogeneous  mag¬ 
netic  field  in  the  direction  normal 
to  the  plane  of  the  paper.  It  is  a 
Rrell  known  property  of  such  a  mag¬ 
netic  field  that  electrons  traveling 
into  it  as  shown  will  tend  to  de¬ 
scribe  circles  the-radii  of  which  are 
ifiven  by 

r-3.37Vi^  (1) 

where  B  is  the  magnetic  flux  dens¬ 
ity,  and  V,  is  the  secondary  elec¬ 
tron  energy  in  volts. 

A  photographic  plate  is  posi¬ 
tioned  as  shown.  The  number  of 
electrons  of  any  given  velocity 
eaching  the  plate  will  be  indicated 
by  blackening  at  the  appropriate 
lace.  This  method,  however,  is  not 
Very  practicable,  because  the  sensi- 
ti\ity  of  a  photographic  plate  is 
rather  low. 

A  Faraday  cylinder,  which  has 
the  property  of  trapping  electrons 
arid  the  secondaries  they  produce, 
can  be  substituted  for  the  photo- 
ftt  aphic  plate  as  in  Fig.  3.  By  vary¬ 
ing  the  magnetic  field,  the  number 
of  secondary  electrons  of  each  veloc- 
it  may  be  found. 

Another  method,  shown  in  Fig.  4, 
di  es  not  use  a  magnetic  field,  but 
ir  >tead,  employs  a  retarding  poten- 
ti  il  to  sort  out  the  secondary  elec¬ 
tions  in  terms  of  their  energies. 
The  primary  electrons  hit  a  sec- 
'  ndary  radiator  at  a  known  energy. 


and  secondary  electrons  pass 
through  a  diaphragm  into  a  Fara¬ 
day  cylinder.  The  amount  which 
are  able  to  enter  depends  upon  the 
potential  of  a  retarding  electrode 
positioned  as  shown  and  upon  the 
initial  energies  of  the  secondaries 
themselves. 

The  arrangement  of  Fig.  6  en¬ 
ables  the  energies  to  be  obtained 
for  the  secondary  electrons  at  all 
angles.  The  primary  electron  beam 
strikes  a  radiating  surface  which  is 
at  the  center  point  of  a  collecting 
sphere.  A  retarding  potential  is  ap¬ 
plied  to  this  sphere,  and  the  num¬ 
ber  of  electrons  reaching  it  is  meas¬ 
ured  as  a  function  of  this  poten¬ 
tial. 

In  the  arrangements  of  Fig.  4 
and  5,  the  energy  distribution 
curve  is  obtained  by  differentiation 
of  the  curve  of  current  to  the  Fara¬ 
day  cylinder  or  collection  sphere  as 
a  function  of  the  retarding  po-* 
tential. 

Interpretation  of  Curve 

The  general  results  of  all  these 
methods  agree.  The  particular 
curve  shown  in  Fig.  1  is  given  by 
Rudberg'  and  is  obtained  by  the 
magnetic  method. 

It  is  generally  agreed  that  the 
energy  distribution  curve  of  Fig.  1 
may  be  interpreted  as  follows : 
Peak  A  represents  that  portion  of 
the  emergent  electrons  which  re¬ 
tains  the  full  primary  energy.  At 
secondary  electron  velocities  be¬ 
tween  about  98  and  50  percent  of 
the  primary  velocity,  the  number 
of  secondary  electrons  radiated  does 
not  change  much  with  the  second¬ 
ary  electron  velocity.  Large  quan¬ 
tities  of  secondary  electrons  are 
emitted  with  low  velocities,  as  indi¬ 


cated  by  p>eak  B,  but  the  number 
emitted  drops  rapidly  as  secondary 
velocity  approaches  zero  (at  secon¬ 
dary  energies  of  the  order  of  tenths 
of  a  volt  and  less). 

Peak  A  of  the  curve  is  produced 
by  electrons  which  emerge  after 
being  elastically  reflected.  They  re¬ 
sult  from  diffraction  unaccom¬ 
panied  by  loss  of  energy  to  the 
atoms  which  are  being  bombarded 
by  the  primary  electrons.  All  other 
parts  of  the  curve  are  produced  by 
s^ondary  electrons  which  have 
been  deflected  by  repeated  collision 
accompanied  by  considerable  en¬ 
ergy  loss. 

Those  secondaries  contributing 
to  parts  of  the  curve  other  than  A 
are  usually  referred  to  as  emitted 
or  true  secondary  electrons.  Those 
contributing  to  part  A  of  the  curve 
are  usually  referred  to  as  reflected 
electrons.  For  this  reason  the  phe¬ 
nomenon  as  a  whole  is  usually  re¬ 
ferred  to  as  secondary  radiation, 
and  the  words  emitted  and  reflected 
are  reserved  for  the  special  mean¬ 
ings  set  out. 

Action  at  Low  Impact  Volocitias 

With  primary  impact  velocities 
below  about  10  volts  it  has  been 
found  that  the  energy  distribution 
of  Fig.  1  does  not  hold.  The  sec¬ 
ondary  radiation  consists  almost 
entirely  of  reflected  electrons  which 
retain  the  full  primary  energy,  so 
that  the  whole  of  the  radiation  is 
contained  in  a  peak  like  A  on  Fig.  1. 

The  percentage  of  emitted  sec¬ 
ondary  electrons  to  reflected  sec¬ 
ondary  electrons  increases  steadily 
up  to  primary  velocities  of  the  or¬ 
der  of  1000  volts,  after  which  it 
falls  once  again.  As  previously  men¬ 
tioned,  however,  the  general  shape 
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FIG.  7 — ^Um  of  on  ongnlarly  adltulobl* 
collector  to  measure  the  secondary 
radiation  coefficient  of  both  reflected 
and  emitted  electrons  as  a  function  oi 
the  angle  of  emission  to  the  normal 


resized  that  if  the  collector  sphere 
is  at  a  potential  (with  respect  to 
the  cathode)  which  is  90  percent  of 
the  impact  potential  of  the  radi¬ 
ator  (also  measured  in  volts  wit^ 
respect  to  the  cathode),  then  a  re¬ 
tarding  potential  of  10  percent  will 
exist  between  the  collector  sphere 
and  the  radiator.  Figure  6  shows 
that  under  this  condition  the  sec¬ 
ondary  radiation  current  flowing  to 
the  collector  electrode  will  be  54 
percent  of  the  total  secondary  radia¬ 
tion  from  the  radiator. 

All  this,  of  course,  assumes  quasi¬ 
steady-state  conditions  as  regards 
voltage,  .(i.e.,  that  the  voltage  does 
not  vary  rapidly  with  time),  and 
that  no  appreciable  space  charge 
due  to  the  primary  or  secondary 
electrons  exists  in  the  space  be¬ 
tween  the  emitter  and  the  collector 
sphere.  The  physics  measurements 
quoted  in  this  paper  are  all  made 
under  static  conditions,  and  care 
has  been  taken  to  avoid  space 
charge  effects,  but  these  effects  man’ 
must  not  be  forgotten  when  apply-  atonr 
It  is  important  to  realize  that  ing  the  information  to  practical  At  > 
under  electrostatic  conditions  the 
velocity  of  each  of  the  secondary 
electrons  at  any  point  in  space  will 
be  determined  by  the  space  poten¬ 
tial  V  of  that  point.  It  follows  that 
an  electron  emitted  at  a  velocity 
which  corresponds  to  a  voltage  V, 
will  be  brought  to  rest  at  any  point 
in  space  where  a  negative  space  po¬ 
tential  —  V  numerically  equals  V,. 

This  is  the  principle  by  which  sec¬ 
ondary  electrons  are  sorted  into 
their  respective  velocities  (or  ener¬ 
gies)  by  means  of  the  retarding 
electrode  or  collecting  sphere  of 
Fig.  4  and  5  respectively.  A  poten¬ 
tial  which  is  arranged  in  this  way 
to  stop  secondary  electrons  is  gen¬ 
erally  referred  to  as  a  retarding 
potential. 

Figure  6,  which  is  obtained  by 
integration  of  Fig.  1,  shows  the 
ratio  of  secondary  electron  current 
to  any  collector  (such  as  the  col¬ 
lector  sphere  in  Fig.  5)  to  the  total 
secondary  radiation  current  as  a 


FIG.  S — Th«  ratardlng  potantial  mathod 
of  orriTing  at  the  Telodty  distribution  oi 
secondary  electrons  emitted  and  re¬ 
flected  from  o  radiating  surface 


FIG.*  8 — Distribution  of  secondary  elec¬ 
trons  os  a  fimction  of  the  angle  P  of 
secondary  radiation 


FIG.  6 — Ratio  oi  secondary  electron 
current  trorelling  to  a  collector  and  the 
total  secondary  radiation,  plotted  os  a 
function  oi  the  retarding  potential  be¬ 
tween  the  .radiator  and  the  collector 


Such  tubes  when  in 


of  Fig.  1  holds  between  about  20 
and  10,000  volts. 


TABLE  I.  MAXIMUM  TOTAL  SECONDARY 
RADIATION  COEFFICIENTS 


Angular  Distribution  of  Secondary 
Radiation 

The  relative  amount  of  secondary 
radiation  at  various  angles  from  a 
surface  may  be  determined  by  ap¬ 
paratus  such  as  that  illustrated  in 
Fig.  7.  The  Faraday  collector  is  ro¬ 
tatable  with  respect  to  the  radiat¬ 
ing  surface.  The  angle  of  incidence 
of  the  primary  electrons  to  the  nor¬ 
mal  of  this  surface  is  indicated  by 
a  and  the  angle  of  secondary  radia¬ 
tion  by  The  number  of  secondary 
electrons  per  unit  angle  may  thus 
be  determined. 

Measurements  of  angular  distri¬ 
bution  have  been  carried  out  by  a 
number  of  workers.*'’  “•  **•  *  While 

there  is  some  experimental  evi¬ 
dence**  of  optical  reflection  of  the 


PriiMry  Impact 
velocity  (volts) 
«t  which  max. 
of  sec.  radiation 
cocff.  occurs 
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function  of  the  retarding  potential. 
This  potential  is  expressed  as  a 
percentage  of  the  impact  energy  in 
volts. 

In  pentodes  and  beam  tetrodes, 
the  prevention  of  the  flow  of  sec¬ 
ondary  electrons  is  one  of  the  pri- 

sphere 

mary  objects  of  the  tube  design. 
With  reference  to  Fig.  6,  it  will  be 

vidence  of  this  effect  is  by  no 
,e-mB  generally  accepted.  At  pres- 
nt'it  seems  reasonable  to  assume 
cosine  distribution  of  secondary 
idiation,  as  shown  in  Fig.  8;  that 
3,  the  mtensity  of  the  secondary 
i/>iation  varies  as  cos  p,  and  this 
stribution  is  virtually  independ- 
:it  of  a.  The  maximum  value  of 
e  secondary  radiation  varies,  how- 
.  er,  with  a.  This  effect  is  discussed 
n  greater  detail  later. 

offll  Seeeadary  Radiation  CeoIRciant 

The  arrangement  of  Fig.  5  may 
Nearly  be  used  for  measuring  the 
)tal  radiation  of  secondary  elec- 
rons  if  the  collector  sphere  is  at  a 
lightly  higher  potential  than  the 
sdiating  surface.  This  measure- 
ient  is  in  fact  a  summation  of  the 
irve  of  Fig.  1,  and  gives  the  ratio 
►'tween  the  total  number  of  sec- 
"dary  electrons  and  the  total  num- 
'!•  of  primary  electrons  striking 
he  emitter.  This  ratio  is  generally 
referred  to  as  the  total  secondary 
Adiation  coefficient.  It  must  al- 
ays  be  remembered,  when  inter- 
:  leting  values  of  this  ratio,  that  in 
11  cases  a  velocity  distribution 
■ist  be  assumed.  In  the  case  of 
iipact  energies  bfetween  about  10 
jlts  up  to  the  order  of  10,000  volts, 
his  distribution  would  be  that  of 

fig.  1. 

In  practical  electronic  devices  the 
dual  ratio  of  secondary  electron 
irrcnt  to  a  given  electrode  near 
he  emitter  to  the  primary  electron 
irrent  will  depend  (among  other 
hings)  upon  this  velocity  distribu- 

i  m.  Not  all  the  secondary  elec- 
inns  necessarily  contribute  to  the 
>  ondary  electron  current. 

The  total  secondary  radiation 
►efficient  plotted  against  the  pri- 
^.iry  electron  impact  energy  was 
of  the  characteristics  to  be  in- 

estigated  by  the  earliest  work- 

,  *-»0 

-1  "I. 

Secondary  Radiation  CoofReiont 
of  Pnro  Motals  and  Carbon 

Typical  measurements  of  the  to¬ 
tal  secondary  radiation  coefficient 

ii  e  shown  in  Fig.  9A  and  9B.  These 
curves  have  been  confirmed  by 
many  investigators.  The  curves 

I  rise  to  a  maximum  and  then  fall  as 
the  primary  impact  velocity  in¬ 
eases  still  further.  The  maximum 
'  lue  of  coefficient  obtained  lies  be¬ 


tween  about  1.2  and  5.5  in  the  case 
of  pure  metals.  Its  highest  value  is 
of  the  order  of  8  to  11  for  compound 
surfaces  of  caesium  of  the  kinds 
used  in  secondary  electron  multi¬ 
pliers  and  the  like.  Not  many  sub¬ 
stances  have  coefficients  of  less 
than  unity.  That  for  carbon  varies 
between  0.6  and  1.0. 

Provided  that  the  metal  surfaces 
are  clean  and  are  completely  de¬ 
gassed,  the  secondary  radiation 
coefficient  is  found  to  be  about  the 
same  by  many  different  investi¬ 
gators."'* 

Table  I  (from  Kollath"  )  shows 
typical  values  of  the  maximum  sec¬ 
ondary  radiation  coefficient,  and  the 
values  of  primary  impact  energy  at 
which  it  occurs,  for  a  number  of 
substances. 

Secondary  Radiation  CoefRdent 
of  Evaporated  Layers 

Copeland*'  “  has  obtained  in¬ 
teresting  results  by  evaporating 
various  substances  onto  a  metal 
foundation.  Evaporating  caesium 
onto  gold  increased  the  secondary 
radiation  coefficient  of  the  combina¬ 
tion  several  times  over  that  of  gold 
alone.  He  also  investigated  other 
combinations  of  layers  and  founda¬ 
tions.  The  results  appear  to  be  ex¬ 
plainable  in  terms  of  the  degree  of 
penetration  of  the  primary  electrons 


through  the  surface  layer,  and  the 
varying  absorption  of  the  second¬ 
ary  electrons  by  the  different  sub¬ 
stances  used. 

Sacoadary  EIcctroa  CooHieiaNt 
of  Composite  Svrfaeos 

It  was  found*  that  composite  ma¬ 
terials  have  a  high  secondary  radi¬ 
ation  coefficient.  For  instance, 
evaporated  deposits  of  calcium  onto 
gold,  and  lithium  onto  tantalum, 
produce  coefficients  of  the  order  of 


FIG.  9B — Coefficient  of  total  secondary 
radiation  as  o  function  of  primary  im* 
pact  energy  for  various  substances 


FIG.  9A — Coefficient  of  total  secondary  radiation  as  a  frinction  of  primary 
impact  energy  in  volts  for  the  moteriols  commonly  lued  in  vacuum  tubes 
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At  higher  voltages  this  is  not  so. 
A  typical  result  due  to  Miiller**  is 
for  a  primary  impact  energy  of  26C0 
volts,  and  is  shown  in  Fig.  12.  It 
is  interesting  to  note  (Kollath*) 
that  if  the  coefficients  for  various 
metals  are  plotted  in  order  of  in¬ 
crease  of  coefficient  with  incidence, 
they  will  then  be  arranged  more  or 
less  in  descending  order  of  their 
specific  gravities.  The  secondary 
radiation  coefficient,  as  a  function 
of  the  angle  of  primary  incidence  to 
the  normal,  rises  with  decreasing 
specific  gravity.  “■®*  The  results 
previously  described  apply  to  angles 
of  incidence  in  the  neighborhood  of 
perature.  For  example,  a  critical  the  normal  unless  otherwise  speci- 
angle  which  is  35 °C  at  room  tern-  fied. 
perature  falls  to  15°C  at  the  tem¬ 
perature  of  liquid  air.  It  vanishes 
at  150°C.  At  this  and  higher  tem¬ 
peratures,  the  phenomenon  is  the 
same  for  insulators  as  for  conduc- 
tors.**'  •• 

Explanations  "•  “  assume  that 
a  surface  layer  of  negative  space 
charge  is  produced  on  the  insulator 
and  affects  the  emission  of  second¬ 
ary  electrons.  An  insulating  sur¬ 
face  does  not  necessarily  have  a 
negative  charge,  however.  The 
charge  will  depend  upon  the  condi¬ 
tions  of  the  experiment  and  upon 
the  secondary  radiation  coefficient 
of  the  material. 


4  to  5.  It  was  observed  that  calcium 
and  lithium  belong  to  the  alkaline- 
earth  group  of  metals.  They  have 
low  work  functions  and  they  have  a 
high  thermionic  and  photoelectric 
emission.  An  investigation  of  caes- 
ium/caesium-oxide/silver  was  a 
natural  step,  and  high  secondary 
electron  coefficients  resulted.  It  was 
discovered,  however,  that  neither  a 
low  work  function  nor  a  high  photo¬ 
electric  sensitivity  is  the  only  fac¬ 
tor  concerned  in  producing  a  high 
secondary  electron  coefficient.  Typi¬ 
cal  results  for  composite  surfaces  on 
silver  are  shown  in  Fig.  10. 

The  following  table  is  given  by 
Weiss**  for  various  values  of  the 
maximum  secondary  radiation  coef¬ 
ficient  for  caesium/caesium  oxide 
deposits  on  various  metal  founda¬ 
tions. 

The  processing  of  the  layer  pro¬ 
duced  is  of  great  importance.  The 
deposit  used  as  the  composite  sur¬ 
face*  is  probably  of  the  order  of 
monoatomic  thickness. 

In  detail,  the  production  of  sec¬ 
ondary  electron  emissive  surfaces 
is,  like  the  production  of  coated 
thermionic  cathodes,  largely  an  em¬ 
pirical  process. 


seco 

iron 

othe 

othe 


FIG.  10 — Co«ffici«nt  of  total  socondary 
radiation  a>  a  function  of  primary 
•norgy  in  rolta  for  puro  metals  and  a 
composite  oxidised  layer  on  sileer 


Secondary  Emission  at  High  Primary 
Impact  Vnlocitins 

• 

Primary  impact  energies  have 
been  investigated  which  are  very 
much  greater  than  the  few  thou¬ 
sand  volts  to  which  the  previous  re¬ 
marks  have  been  confined,  but  high- 
voltage  results  differ  little.  The 
velocity  distribution  curve  of  Fig. 

1  is  affected  only  insofar  as  peak 
A  increases  in  relative  area  (that 
is,  the  reflected  electrons  increase  in 
number)  ”•  **  *^  " 

The  secondary  radiation  coeffi¬ 
cient  as  a  whole  falls  with  increas¬ 
ing  primary  impact  energies.  The 
increased  penetration  of  the  pri¬ 
mary  electrons  of  high  velocity  into 
the  metal  results  in  the  secondary 
electrons  being  reabsorbed  in  the 
surface  layers  of  the  material.  This 
fall  in  secondary  radiation  coeffi¬ 
cient  is  to  some  extent  counter¬ 
acted  by  primary  electrons  which 
emerge  in  a  direction  different  from 
the  normal  to  the  surface,  and  cause 
secondary  electrons  to  be  emitted 
from  the  surface  layer  of  the  mate¬ 
rial.  In  fact,  this  latter  effect  pre¬ 
dominates  in  producing  secondarj- 
radiation  at  very  high  values  of 
primary  impact  velocity.**  The  an¬ 
gular  distribution  of  the  radiation 
follows  the  cosine  law. 

Consideration  of  the  depth  at 
which  emission  is  produced  is  of 
considerable  importance  where  radi¬ 
ation  is  obtained  from  both  sides  of 
a  thin  foil  through  which  primary 
electrons  are  arranged  to  pass.* 

Many  investigators*’  **■“  have 
shown  that  the  structure  of  the  ra¬ 
diating  surface  has  considerable  ef¬ 
fect  on  the  coefficient.  No  effect  on 


Socondary  Radiation  CootReiont 
of  Insnlators 

There  is  comparatively  little  in¬ 
formation  in  this  matter,  but  it 
seems**  “  that  secondary  emission 
from  insulators  consists  largely  of 
electrons  that  have  a  low  velocity 
compared  with  the  primary  electron 
velocity.  The  cosine  law  of  distribu¬ 
tion  appears  to  hold,  and  the  coeffi¬ 
cient  can  exceed  unity.  There  is, 
however,  a  difference  with  regard 
to  the  angle  of  incidence  of  the  pri¬ 
mary  electrons  impacting  the  radi¬ 
ator.  In  the  case  of  conductors,  the 
secondary  radiation  coefficient  in¬ 
creases  continuously  with  the  angle 
of  incidence,  but  in  insulators  this 
is  not  so.  The  coefficient  increases 
up  to  a  critical  angle  of  incidence 
in  either  direction  from  0  deg,  be¬ 
yond  which  the  coefficient  drops 
sharply  and  then  again  increases,  as 
shown  in  Fig.  11. 

This  critical  angle  has  been 
found  to  be  evident  only  at  certain 
levels  of  primary  impact  velocity  in 
the  range  from  1300  to  3000  volts. 
The  critical  angle  increases  with  in¬ 
creasing  voltage,  and  eventually 
vanishes.  It  is  also  affected  by  tem- 


Variatioo  of  Soeoadary  Radiafioa 
CoeRieioHt  With  Primary  Anglo  of 
Ineldoneo 

In  general,  at  low  primary  im¬ 
pact  energies  (up  to  about  100 
volts  or  so),  the  secondary  radia¬ 
tion  coefficient  is  the  same  for  all 
angles  of  incidence. 


TABLE  n.  MAXIMX7M  SECONDARY  RADI¬ 
ATION  COETTICIENT  FOR  CAESIUM 
LAYERS  ON  VARIOUS  METAL  FOUNDA¬ 
TIONS 
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Mttel 

Mm. 
value  of 
tec 

radiation 

coeff. 

Primary  Impact 
energy  (volh) 
at  which  max. 
of  tec.  radiation 
coeff.  oceurt 

Silvtf . 

8-  11 

600 

M«9ncsium . 

6.8-  7.5 

700 

TtnUlum . 

4.1-  5.5 

600 

Zinc . 

4.5-  5.4 

600 

Nickel . 

4.6-  5.S 

550 

Aluminam . 

4.4-  4.7 

600 

Coppef . 

3.5-  4.0 

600 

TunSitcn . 

3.8-  3.9 

600 

Lead . 

2.3-  3.3 

650 

Molybdenum. . . 

2.5-  3.1 

500 

Iron . 

1.9-  2.7 

500 

Gold . 

2.3- 

600 

it  is  noted  by  Hayakawa*"  at  the 
masrnetic  transformation  points  of 
ferro-magnetic  materials,  but  sud¬ 
den  changes  have  been  shown  to 
occur  at  the  points  of  allotropic 
modification  of  the  surface  struc¬ 
ture.  An  abrupt  variation  in  the 
secondary  radiation  coefficient  of 
iron  at  the  Curie  i)oint  has,  on  the 
other  hand,  been  recorded  by  an¬ 
other  worker.** 

Farther  lavastigatioa  Needed 

According  to  Rao**,  a  nickel  mono¬ 
crystal  gives  a  lower  secondary  ra¬ 
diation  coefficient  than  an  ordinary 
polycrystalline  nickel  surface.  An 
opposite  result  is  obtained  by  H.  E. 
Farnsworth’  with  respect  to  copper. 
His  result  appears  to  agree  with  the 
exi)erimental  fact  that  the  second¬ 
ary  radiation  coefficient  of  finely 
precipitated  carbon  or  platinum 
black  has  a  particularly  low  coeffi¬ 
cient  of  secondary  radiation. 

Further  investigation  seems  to 
be  needed.  In  the  meantime  it  seems 
that  either  monocrystal  surfaces  of 
different  materials  have  different 
effects  on  the  coefficient,  or  that 
there  is  perhaps  some  optimum  size 
of  crystal  which  gives  a  maximum 
coefficient. 

Effect  of  Temperature  on 

Secondary  Electron  Coefficient 

As  far  as  can  be  ascertained  there 
is  no  temperature  effect.  According 
to  Kollath"  this  point  might,  how¬ 
ever,  be  worth  further  <  investiga¬ 
tion,  particularly  with  regard  to  the 
complex  surface  coatings  now  com¬ 
monly  used  in  commercial  practice. 

Effect  of  Got  on 

Secondary  Radiation  Coefficient 

All  materials  contain  a  certain 
amount  of  gas  before  they  have 
been  heat  treated  by  the  usual  valve 
(tube)  manufacturing  processes 
which  are  necessary  to  produce  a 
high  vacuum.  Occluded  gas  has  a 
considerable  effect  on  the  second¬ 
ary  radiation  coefficient,  and  until 
the  radiator  is  completely  degassed 
repeatable  results  are  not  obtained. 
Measurements  on  the  effect  of  gas 
have  been  made  by  Farnsworth,’ 
Warnecke,"  and  Ahearn."  In  gen¬ 
eral,  the  presence  of  gas  increases 
the  secondary  radiation  coefficient, 
often  several  times. 


Moehonism  of  Soeondary  Eloctron 
Radiation 

The  quantitative  analysis  of  the 
atomic  mechanism  of  the  phenom¬ 
enon  is  in  a  very  rudimentary  state. 
In  fact,  a  survey  of  the  subject 
reduces  itself  largely  to  an  unsatis¬ 
factory  recital  of  disjointed  experi¬ 
mental  facts  rather  than  to  a 
coherent  statement  of  theory.  Kol- 
lath’s  paper*®  gives  an  excellent  out¬ 
line  of  the  situation  up  to  1937. 
The  relationship  between  secondary 
radiation  phenomenon  and  the 
atomic  structures  of*  various  metals 
gives  no  very  conclusive  result,  nor 
has  the  work  function  any  very  use¬ 
ful  relationship,  though  there  has 
been  shown  to  be  some  proportional¬ 
ity  between  the  secondary  radiation 
coefficient  and  this  quantity.  The 
depth  of  penetration  of  the  primary 
electrons  has  been  estimated,  and 
Becker'*  arrives  at  a  calculated 
depth  of  penetration  of  about  30 
Angstrom  units  (about  15  to  20 
atomic  layers)  at  primary  impact 
velocities  of  the  order  of  500  volts. 

Emission  Time  of  Secondary  Electrons 

As  far  as  the  author  is  aware,  no 
measurements  or  computations  of 
this  quantity  have  yet  been  made. 
It  may  prove,  however,  to  be  very 
important  in  view  of  the  increas¬ 
ing  use  of  extremely  high  fre¬ 
quencies  in  electronics.  So  far,  the 
only  conclusion  appears  to  be — and 
this  is  a  unanimous  one'®  ’* — that 
the  time  of  emission  is  less  than 
10  *  second.  This  is  as  much  as  sev¬ 
eral  times  the  periodic  time  at  the 
highest  radio  frequencies  now  be¬ 
ing  brought  into  use.  Modern  ultra¬ 
high-frequency  technique  might  en- 


FIG.  11 — Cooiiicient  of  total  aecondary 
radiation  from  an  insulator  as  a  func¬ 
tion  of  the  angle  of  incidence  of  the 
primary  electrons.  A  criticol  angle  of 
incidence  will  be  obserred 


able  the  time  to  be  measured.  A 
suggestion  due  to  Kollath**  involves 
comparing  the  times  of  arrival  of 
electrically  reflected  primary  elec¬ 
trons  with  those  of  secondary  elec¬ 
trons.  Experimental  difficulties,  ap¬ 
pear,  however,  to  be  considerable. 

Soeondary  Emission  Transit  Timas 

In  view  of  the  initial  velocity 
spectrum  (Fig.  1)  common  to  all 
secondary  radiation  (the  fact  that 
secondary  electrons  are  not  all  emit¬ 
ted  at  the  same  velocity),  second¬ 
ary  electrons  traveling  from  the 
eihitter  to  another  electrode  do  so 
with  differing  transit  times.  This 
effect  is  of  substantial  importance 
to  the  operation  of  vacuum  tubes  at 
very  high  frequencies,  and  is  dealt 
with  later  in  this  paper. 

SECONDARY  RADIATION  IN 

ELECTRONIC  ENGINEERING 

In  electronic  engineering,  sec¬ 
ondary  radiation  is  sometimes  found 
to  interfere  with  the  desired  opera- 
•  tion  of  the  radio  tube  in  which  it 
occurs.  Sometimes,  on  the  other 
hand,  it  is  utilized  as  an  essential 
part  of  the  mechanism  of  operation 

The  Dynatron  Valve 

In  a  tetrode  valve,  when  the 
screen  grid  is  at  a  higher  potential 
than  the  anode,  secondary  radiation 
from  the  anode  may  travel  to  the 
.screen  grid  and  produce  a  negative 
resistance  characteristic  in  the 
anode  circuit  over  a  range  of  anode 
voltages.  Hence  the  valve  can  be 
made  to  generate  oscillations.  This 
effect  was  first  described  by  Hull.’* 
In  considering  these  results  with 


FIG.  12 — Coefficiont  of  total  secondary 
radiation  from  various  conductors  as  a 
function  of  the  angle  of  incidence  i  of 
the  primary  electrons.  The  primary  im¬ 
pact  energy  is  2500  volts 
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Primary  electrons  pass  through 
.the  spaces  between  the  suppressor 
.grid  wires.  A  retarding  potential 
exists  between  these  spaces  and 
tends  to  reduce  the  secondary  radi¬ 
ation  current  from  the  anode  to  the 
screen  grid  to  a  fraction  of  the  pri¬ 
mary  electron  current  (see  Fig.  4 
and  6).  At  the  same  time,  due  to 
the  cosine  law  of  distribution 
(Fig.  8),  only  a  small  number  of 
the  secondary  electrons  are  di¬ 
rected  towards  the  gaps  in  the  sup¬ 
pressor  grid.  This  results  in  a  still 
further  reduction  of  the  total  sec¬ 
ondary  electron  current 

A  further  effect  which  tends  to 
reduce  the  adverse  flow  of  second¬ 
ary  electrons  is  the  addition  to  the 
retarding  potential  caused  by  space 
charge  effects.  Both  primary  and 
secondary  electrons  contribute  to 
the  space  charge  potential.  The 
combination  of  all  these  effects  (and 
possibly  others)  operates  in  a  very 
complex  manner,  and  the  author  is 
not  aware  of  a  satisfactory  quanti¬ 
tative  theory,  but  pentode  valves 
may  readily  be  designed  by  empiri¬ 
cal  means. 

Remembering  that  the  potential 
of  the  spaces  between  the  wires  of 
the  suppressor  grid  cannot  be  zero 
(or  the  primary  electrons  them¬ 
selves  would  be  prevented  from  ar¬ 
riving  at  the  anode) ,  it  is  untrue  to 
say  that  the  operation  of  a  pentode 
is  explained  merely  by  the  inter¬ 
position  of  a  retarding  potential 
between  the  anode  and  screen  grid. 
A  retarding  potential  which  did  not 
reduce  the  potential  between  the 
wires  of  the  suppressor  grid  to  zero 
would  still  leave  a  considerable 
amount  of  secondaries  flowing.  This 
is  clear  from  Fig.  6.  Curve  A  in 
Fig.  15  shows  the  familiar  dynatron 
characteristic  which  is  produced  in 
the  absence  of  a  suppressor  grid. 
Curve  B  shows  the  characteristic 
found  in  a  pentode,  and  curve  C 
shows  the  type  of  characteristic 
that  might  perhaps  be  expected  if 
the  suppressor  grid  retarding  po¬ 
tential  alone  were  the  only  opera¬ 
tive  factor  in  preventing  the  flow 
of  secondary  electrons. 

Stcondary  Electron  Traps 

Due  to  the  cosine  distribution  of 
secondary  radiation  (Fig.  8),  if  a 
oeam  of  primary  electrons  enters 
an  enclosed  metal  cavity  (at  a  posi¬ 


tive  potential)  through  a  small 
aperture  as  in  Fig.  16,  only  a  very 
small  part  of  the  resulting  second¬ 
ary  radiation  will  succeed  in  leaving 
the  cavity.  This  is  the  principle  of 
the  Faraday  cylinder  previously  re¬ 
ferred  to  (Fig.  3,  4,  and  7).  At¬ 
tempts  have  been  made  and  sug¬ 
gested"  to  utilize  such  cylinders  as 
the  anodes  or  collector  electrodes  of 
practical  radio  tubes.  Since  in  such 
radio  tubes  the  effective  anode  area 
for  the  collection  of  primary  elec¬ 
trons  must  usually  be  considerably 
greater  than  the  small  aperture  il¬ 
lustrated  in  Fig.  16,  these  attempts 
have  not  been  very  successful  as 
far  as  the  author  is  aware. 

Critical-Distance  Beam  Tetrodes 

In  1931  the  author,  working  on 
the  production  of  the  then  novel 
idea. of  producing  beams  of  elec¬ 
trons  of  appreciable  fractions  of 
an  ampere  at  a  few  hundred  volts,* 
found  that  if  the  space  current  in  a 
dsmatron  type  of  tetrode  is  confined 
into  a  beam,  an  optimum  value  ex¬ 
ists  for  the  distance  of  the  anode 
from  the  screen  grid  (accelerating 


FIG.  15 — Cunre  A  is  the  anode  charac¬ 
teristic  of  a  dynatron  TolTe.  Curre  B 
is  that  oi  a  pentode.  Curve  C  is  the 
approximation  to  the  kind  oi  curve  that 
might  be  expected  ii  a  suppressor  grid 
is  assumed  to  operate  solely  by  pro¬ 
ducing  a  retarding  potential 


FIG.  16 — A  Faraday  cylinder  or  elec¬ 
tron  trop 


grid;  he  named  this  distance  the 
critic^  distance)  at  which  the  pas¬ 
sage  of  secondary  electrons  from 
the  anode  to  the  accelerating  grid  is 
prevented.  The  anode  characteris¬ 
tic  then  obtained  is  of  the  kind  il¬ 
lustrated  in  Fig.  I?."""  The  sharp 
knee  at  the  lefthand  side  of  the 
curve  is  characteristic  of  this  type 
of  tube  and  results  in  a  consider¬ 
ably  lower  distortion  level"’ "  than 
the  more  rounded  knee  of  the 
pentode  (Fig.  15). 

Tubes  of  this  kind  were  made  in 
1931  and  were  put  on  the  market  in 
England  by  a  commercial  Arm  in 
1935.  They  came  into  wide  use, 
under  the  name  of  beam  tetrode 
when  this  tube  was  first  marketed 
(in  America)  in  1936;  yet,  like  the 
pentode  (the  invention  of  which 
dates  from  1926),  there  is  again  no 
satisfactory  published  theory.  The 
straight  part  of  the  anode  charac¬ 
teristic  of  this  valve  (Fig.  17)  can 
only  be  accounted  for  by  the  reduc¬ 
tion  of  the  traverse  of  secondary 
radiation  to  a  very  small  fraction 
indeed  of  the  total  radiation.  By 
reference  to  Fig.  6,  it  will  be  seen 
that  this  appears  to  infer  a  retard¬ 
ing  potential  virtually  equal  to  the 
primary  impact  velocity  itself. 

Attempts  have  been  made  to  ex¬ 
plain  this  critical-distance  charac¬ 
teristic  in  terms  of  the  potential 
minimum  produced  by  space 
charge,"  "  but  the  author  has 
shown"  that  the  magnitude  of  the 
retarding  potentials  predicted  by 
this  theory  is  not  sufficient  (by  a 
factor  of  several  times)  to  prevent 
the  occurrence  of  the  dynatron  kink 
in  the  anode  characteristics.  More¬ 
over,  the  problem  is  not  merely  one 
of  preventing  the  passage  of  sec¬ 
ondary  radiation  at  one  set  of 
values  of  anode  current,  anode  volt¬ 
age,  and  screen  voltage.  It  is,  on 
the  contrary,  that  of  maintaining  a 
flat  working  surface  of  the  charac¬ 
teristic  over  a  wide  variation  area 
(Fig.  17).  A  purely  space-charge 
retarding  potential  theory  leads  to 
no  such  range  of  working  currents 
and  voltages. 

A  complete  formulation  of  the 
problem  must  include  the  effects  of 
the  formation  of  the  primary  elec¬ 
trons  into  a  beam  (without  which 
the  effect  seems  not  to  take  place  in 
practice),  the  variation  of  the 
density  of  this  beam  with  control 
grid  voltage,  the  energies  of  the 
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primary  electrons  which  constitute 
the  space  current.  The  secondary 
electrons  travel  from  the  screen 
grid  to  the  anode  and  so  decrease 
the  screen  grid  current,  and  in¬ 
crease  the  anode  current,  very  con¬ 
siderably.  This  results  in  an  in¬ 
crease  in  the  static  transconduc¬ 
tance  of  the  tube.  It  must  not  be 
forgotten  that  due  to  the  varying 
transit  angles  of  the  secondary  elec¬ 
trons,  this  increase  will  not  hold  at 
very  high  frequencies.  The  phe¬ 
nomena  produced  will  be  somewhat 
similar  to  that  exemplified  above 
with  respect  to  secondary  electron 
multipliers.  There  seems  to  be  no 
published  information  in  this  mat¬ 
ter. 


respect  to  modern  radio  techniques 
due  regard  must  be  paid  to  second¬ 
ary^  radiation  transit  angle  effects. 


V  S«eeadary  EUetrea  Maltiplkrt 

Secondary  electron  ‘multipliers" 
of  both  the  magnetic  and  electro¬ 
static  types  are  so  well  known  that 
it  is  unnecessary  to  describe  them 
ip  detail.  In  multipliers,  the  pri¬ 
mary  electrons  strike  an  emissive 
surface  which  is  of  such  a  kind  as 
to  produce  a  high  ratio  (usually  be¬ 
tween  8  and  11)  of  total  secondary 
radiation  coefficient.  Secondary 
electrons  thus  radiated  are  caught 
by  another  plate  from  which  fur¬ 
ther  secondaries  .are  again  radi¬ 
ated.  This  process  is  repeated  sev¬ 
eral  times  in  order  to  produce  a 
very  high  total  magnification  of  the 
original  primary  electron  beam  cur¬ 
rent. 

The* primary  electron  beam  can 
be  controlled  by  either  photoelectric 
effects’*  or  by  voltage  control. 
Greater  importance  appears  to  at¬ 
tach  to  the  amplification  of  photo¬ 
electric  currents  than  to  voltage 
control,  as  the  limitations  of  the* 
latter  type  cause  it  to  be  rather  spe¬ 
cialized  in  application.’*  An  inter¬ 
esting  and  comparatively  recent  ex¬ 
ample  of  voltage  control  has  been 
described  by  Wagner  and  Ferris." 
Control  of  the  primary  electrons  in 
secondary  multipliers  by  deflecting 
them  instead  of  using  a  control 
grid  appears  to  have  been  first  de¬ 
scribed  by  Hopkins.’*  The  composite 
caesium/caesium-oxide/silver  curve 
in  Fig.  10  shows  the  ratio  of  second¬ 
ary  emission  current  to  primary 
current  obtained  from  one  of  the 
radiating  surfaces  in  a  multiplier. 

Since  secondary  electrons  are  not 
emitted  with  a  single  velocity,  but 
with  a  spectrum  of  velocities,  the 
transit  angle  between  the  radiators 
in  the  multiplier  also  has  no  single 
value. 

In  Fig.  13,  the  ordinates  repre¬ 
sent  the  relative  number  of  second¬ 
ary  electrons  emitted  at  each  of 
various  relative  overall  trarisit 
angles  of  the  secondary  electrons 
in  a  3-stage  electron  multiplier.  The 
relative  overall  transit  angle  is  ex¬ 
pressed  as  a  fraction  of  the  transit 
angle  which  would  exist  if  the  sec¬ 
ondary  electrons  were  emitted  with 
zero  velocity.  It  will  be  observed 
that  the  transit  angles  of  the  indi- 


FIG.  13 — Varlatioii  oi  transit  angle  of 
socondary  oloctroiu  in  a  socondary 
electron  multipliet.  This  Toriotfon  is 
due  to  the  distribution  of  secondory 
electron  energies  illustrated  in  Fig.  1. 
Note  that  this  graph  ignores  peak  A  oi 
ng.  1 


Secondary  Radiation  from  Cathodes 
• 

In  certain  tubes — notably  the 
magnetron — the  cathode  may  be 
bombarded  by  primary  electrons 
which  return  to  it  at  considerable 
velocities.  By  adding  to  the  emis¬ 
sion,  the  resulting  secondary  radi¬ 
ation  may  have  an  appreciable  ef¬ 
fect  on  the  operating  character¬ 
istics  of  the  valve. 


FIG.  14 — Frsqusncy  responso  of  an 
electron  multiplier,  showing  fall-oii  at 
very  high  frequencies  due  to  the  transit 
angle  effect  illustrated  in  Fig.  13 


The  Pentode 

In  the  great  majority  of  elec¬ 
tronic  tubes,  secondary  radiation  is 
a  nuisance  and  elaborate  steps  have 
to  be  taken  to  prevent  it  from  inter¬ 
fering  with  the  operation  of  the 
tubes.  It  will  be  clear  from  Fig.  6 
and  the  associated  text,  however, 
that  attempts  to  prevent  the  radia¬ 
tion  of  secondary  electrons  from  the 
electrodes  of  radio  tubes  are  fore¬ 
doomed  to  failure.  In  fact,  quite 
early  engineering  experiments  con¬ 
firmed  this.** 

Since  secondary  radiation  itself 
cannot  be  prevented,  the  only  re¬ 
maining  thing  to  do  is  to  prevent 
the  secondary  electrons  traveling 
from  one  electrode  to  another.  This 
is  the  idea  behind  the  pentode. 

It  is  almost  unnecessary  to  de- 
^  scribe  this  well-known  tube  in  de¬ 
tail.*’  The  traverse  of  secondary 
electrons  from  the  anode  to  the 
Reduction  of  Screen  Grid  Current  screen  grid  when  the  anode  is  at  a 

In  many  screen-grid  radio  tubes  lower  potential  than  the  screen  grid 

the  anode  is  maintained  during  op-  during  operation  is  prevented 

eration  at  a  potential  higher  than  partly  by  the  use  of  a  retarding 

that  of  the  screen  grid.  Secondary  potential.  A  grid  (called  the  sup- 

radiation  of  quite  a  considerable  pressor  grid)  is  interposed  between 

amount  is  produced  at  the  points  of  the  screen  grid  and  the  anode  and 

impact  upon  the  screen  grid  of  the  is  maintained  at  a  low  potential. 


vidual  secondary  electrons  vary 
over  a  wide  range.  Furthermore, 
secondary  electrons  are  radiated 
from  different  parts  of  the  radi¬ 
ator,  and  have  to  travel  along  paths 
of  different  lengths  to  reach  the 
next  electrode. 

The  result  of  these  combined  ef¬ 
fects  has  been  shown  by  Malter"  to 
produce  a  high-frequency  cut-off 
in  the  response  of  the  multiplier  as 
a  whole.  The  resulting  frequency 
cut-off  of  a  typical  multiplier  is 
shown  in  Fig.  14. 
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Compon*Bli  or*  asMinbUd  os  obor*  wh*r*  copociton  and  Tacunm  tubes  rscsivs  the  dextrous  atten¬ 
tion  of  Chinese  employees.  Below,  a  worker  finishes  up  the  wiring  on  a  transmitter,  while  a 
coolie,  right  forms  the  local  Torsion  of  a  conyeyor  liiw  in  transporting  units  around  the  plant 


I 


in  CHINA 


In  this  rugged  terrain  near  Kweilin, 
capital  of  Kwangsi  ProTince.  notlTe 
workers  make  radio  equipment  used 
by  the  Chinese  Army  ond  GoTomment- 
operated  broadcast  stations.  Known 
os  the  Control  Rodio  Works,  the  plant 
is  operated  by-  the  Notional  Resources 
.Commission.  Note  parking  lot 


ELECTRONICS  — September  1944 


109 


secondary  electrons,  the  angular 
distribution  of  the  secondary  radi¬ 
ation,  the  end  effects,  and  the  de¬ 
pression  of  space  potential  due  to 
the  presence  of  low-potential  con¬ 
ductors  near  the  screen  grid-anode 
space.  (An  approximate  theory  of 
the  beam  tetrode  can,  however,  be 
produced  to  take  these  factors  into 
consideration,  and  the  author  hopes 
to  present  it  in  due  course  when 
war-time  matters  permit.) 

It  has  been  pointed  out  by  the 
author  some  time  ago"  that  if  the 
accelerating  voltage  is  higher  than 
a  few  hundred  volts,  th?  critical- 
distance  effect  is  not  produced  sat¬ 
isfactorily.  This  appears  to  have  a 
relationship  to  the  increase  in  the 
area  of  peak  A  in  the  secondary 
radiation  energy  distribution  curve 
(Fig.  1)  at  the  higher  primary  im¬ 
pact  velocities. 

Seeoadary  Emitsion  from  Grid* 

Grids  and  other  electrodes  in 
electronic  tubes  which  are  struck 
by  electrons  will  emit  secondaries 
which,  particularly  in  tubes  where 
optical  images  are  to  be  formed, 
may  be  very  undesirable.  Such  ef-* 
fects  may  be  minimized,  though  not 
eliminated,  by  treating  the  surfaces 
involved.  Coating  with  carbon 
black  or  like  methods  are  used 
(Fig.  9A). 

Soeoadory  RodiofioR  from  iRtolofed 
Elocfrodot  oad  iRtHiofors  Ir  VocHRm 
Tabes 

If  an  insulated  conductor  is  po¬ 
sitioned  in  the  path  of  a  beam  of 
primary  electrons,  its  potential  will 
depend  upon  the  impact  energy  of 
the  primary  electrons  and  upon  the 
secondary  electron  coefficient  of  the 
conductor. 

For  instance,  referring  (Fig. 
9A)  to  the  curve  for  nickel,  it  will 
be  seen  that  it  becomes  unity  at  a 
primary  impact  velocity  of  approxi¬ 
mately  1750  volts.  The  initial  po¬ 
tential  of  a  clean  insulated  elec¬ 
trode  made  of  nickel  will,  in  the 
absence  of  a  flow  of  primary  elec¬ 
trons,  be  that  of  the  space  in  which 
it  is  situated.  If  this  potential,  and 
the  impact  energy  of  the  primary 
electrons  upon  the  nickel  electrode 
are  both  above  1750  volts,  then, 
from  Fig.  9 A,  the  total  secondary 
radiation  coefficient  will  be  less 
than  unity.  The  insulated  nickel 
electrode  will  therefore  charge 


negatively  until  its  potential  reaches 
1750  volts,  when  the  secondary 
radiation  coefficient  is  unity,  and 
the  number  of  electrons  leaving  the 
electrode  will  be  equal  to  those 
reaching  it.  This,  of  course,  as¬ 
sumes  space-charge-free  conditions, 
and  assumes  further  that  all  the 
secondary  electrons  emitted  by  the 
nickel  are  collected  by  other  elec¬ 
trodes  in  the  tube. 

If,  again,  the  space  potential  or 
the  insulated  nickel  electrode  and 
the  initial  energy  are  between 
about  160  and  1750  volts,  then, 
from  Fig.  9 A,  the  secondary  radia¬ 
tion  coefficient  will  be  greater  than 
unity,  and  the  electrode  will  tend 
to  charge  positively  until  an  equi¬ 
librium  potential  of  about  1750 
volts  is  again  reached. 

If,  however,  the  space  potential 
and  the  primary  impact  energy  are 
below  160  volts,  then,  from  Fig. 
9 A,  the  total  secondary  radiation 
coefficient  is  less  than  zero.  The 
insulated  electrode  will  charge  up 
negatively  until  it  reaches  zero  po- 


FIG.  17  —  A  critical  •  distance  beam- 
tetrode  characteristic 


tential,  at  which  no  primary  elec¬ 
trons  strike  it.  Therefore,  in  gen¬ 
eral,  an  insulated  conductor  upon 
which  electrons  impinge  tends  to 
take  up  either  a  potential  tending 
to  zero,  or  a  high  positive  potential. 
It  has  been  suggested  to  employ  this 
effect  to  maintain  a  suppressor  grid 
in  a  pentode  at  the  order  of  zero 
potential.  Clearly,  if  the  electrode 
is  contaminated,  or  otherwise  has  a 
greater  secondary  radiation  coeffi¬ 
cient  than  the  pure  material  (and 
this  may  very  easily  occur  in  a 
practical  radio  tube),  the  impact 
potential  at  which  the  total  second¬ 
ary  radiation  coefficient  is  unity 
may  well  become  very  high. 

The  equilibrium  potentials  of 
insulators  (such  as  the  glass  walls 


of  a  vacuum  tube)  due  to  secondary 
radiation  may  vary  discontinuousjy 
and  profoundly  affect  the  space  po-  •  ' 
tential  in  the  tube  as  a  whole,  and 
therefore  in  many  instances  upset 
the  operation  of  the  device.  In  the 
absence  of  more  information  on  the 
secondary  radiation  coefficients  of 
insulators,  and  because  of  the  com¬ 
plicated  nature  of  their  behavior, 
it  is  not  possible  to  state  any  useful 
theory.  In  radio  tubes  care  is  taken 
to  minimize  the  results  of  bulb 
/charging.  This  is  done  by  causing 
the  electrode  assembly  to  be  self¬ 
shielding  (i.e.,  semi-enclosed  as  far 
as  the  operative  part  of  the  electron 
beam  is  concerned)  or  by  putting  a 
conductive  film  (such  as  collodial 
graphite)  on  the  walls  of  the  glass 
envelope  and  connecting  it  to  a 
suitable  part  of  the  electrode  sys¬ 
tem.  This  is  found  to  be  necessary 
in  cathode-ray  oscilloscope  tubes 
where  the  beam  is  not  enclosed  by 
the  metal  electrodes. 


ConelusioR 

It  is  remarkable,  considering  the 
extreme  importance  of  secondary 
radiation  in  electronic  engineering, 
that  there  are  so  many  gaps  in  the 
published  information  and  theory. 
The  author  would  appreciate  any 
additions  or  corrections  to  this 
paper. 
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PHOTOTUBE  CONTROL 


Flow  rates  as  constant  as  i  percent  are  achieved  by  a  system  which  combines  a  rota- 
,  meter  for  light-source  interruption  with  phototubes,  amplifiers,  and  thyratrons  to  control 
.  a  motor-driven  regulating  valve 


Stpfvaber  f 9^  —  ELECTRQNtCS 
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Engineer 

Brooke  Engineering  Co,,  Ino. 
Philadelphia,  Pa. 


Rotameters  are  simple  instru¬ 
ments  which  accurately  indi¬ 
cate  the  rate  of  flow  of  liquid  or  gas 
in  a  pipe  line.  They  are  widely  used 
in  chemical  process,  power,  and 


other  industries.  The  instrument, 
shown  in  Fig.  1,  usually  consists  of 
a  vertical,  transparent,  tapered, 
glass  tube  and  a  metering  element 
inserted  inside  the  tube.  The  small 
end  of  the  tube  is  at  the  lower  por¬ 
tion,  and  the  metering  element,  var¬ 
iously  shaped  depending  upon  fluid 
requirements,  is  free  to  move  up  or 
down  along  the  axis  of  the  tube. 
The  position  assumed  by  this  ele¬ 
ment  directly  indicates  flow  rate. 
The  gas  or  liquid  being  metered 
flows  from  the  bottom  to  the  top  of 
the  tube. 

Theory  underlying  the  operation 
of  this  type  of  flow  indicator  is 
based  on  the  flow  equation,  Q  =  CA 
y/2gh,  where  h  is  a  constant  by 
virtue  of  the  constant  net  weight 
of  the  metering  element  (commonly 


called  the  float  or  rotor),  and  A  is 
a  variable  due  to  the  taper  of  the 
tube.  The  force  counter  to  the  float 
weight  is  the  head  differential  in¬ 
duced  by  the  fluid  flowing  through 
the  annular  aperture  between  the 
outside  diameter  of  the  float,  and 
the  inside  diameter  of  the  tube. 
Thus  the  rate  of  flow  varies  directly 
as  annular  area  and  the  calibration 
of  the  instrument  is  linear. 

In  other  words,  forces  on  the  float 
are  in  balance;  weight  of  the  float 
minus  buoyancy  equals  area  of  the 
top  of  the  float,  times  differential 
pressure.  If  the  flow  rate  increases, 
the  differential  across  the  float  will 
increase,  and  the  float  will  rise  to  a 
new  position  to  maintain  a  fixed 
differential  pressure  across  it.  Rate 
of  flow  is  accurately  measured 


To  process  — 


Rotameter- 


FIG.  1 — Constraetfon  of  o  rotconeter  is 
shown  in  this  soctionol  drawing.  Po> 
stiion  of  tho  float  dsponds  on  diffor- 
•ntial  prossuro  which  is  outomaticoUv 
mointoinod  constont  by  Toiiotions  in  the 
onnnlar  opening  botween  float  and  tube 
as  the  float  rises  and  falls.  Flow-rote 
indicotion  is  linear 


FIG.  2 — Block  diagrom  shows  general  operation  of  the  flow-control  unit. 
ProTisions  ore  incorporated  to  cancel  out  effects  of  line-Toltage  fluctuation 
and  chonges  in  color  of  the  controlled  fluid 


OF  FLUID  FLOW 


FIG.  3 — The  complete  tmlL  Eleeatiaq 
hondwheeU  axe  below  and  hand-auto- 
matte  controli  ore  on  the  iront  panel 
oi  the  controller.  Plostie  llght-trone- 
mluion  ban  project  through  sloti  on 
either  aide  oi  the  rotameter  tubes 


throughout  the  entire  tube  range 
due  to  the  variable  orifice  (fixed 
differential)  principle,  and  is  not 
limited  to  a  narrow  range  such  as  is 
the  case  in  the  fixed  orifice  type  of 
flow  meters. 

Self-svpervised  Operation 

For  the  past  ten  years,  there  has 
been  a  demand  for  automatic  con¬ 
trol  applied  to  rotameters.  Brooke 
Engineering  Co.  developed  a  con¬ 
trol  for  this  type  of  meter  several 
years  ago.  The  control  operated  on 
an  induction  principle  such  as  is 
commonly  used  in  other  types  of 
instruments.  The  float  had  an  iron 
rod  which  hung  down  inside  a  cen¬ 
ter-tapped  coil,  mounted  below  the 
rotameter.  This  coil  was  electrically 
balanced  against  a  similar,  remote 
coil  having  an  iron  rod  that  could 
be  positioned  by  hand. 

Differences  in  balance  of  the  two 
coils  when  the  float  moved  out  of 
its  preset  balance,  were  fed  int(k#n 
electronic  relay  which  caused  •  pio- 
,  tor  to  operate.  This,  in  turryi^pcwed 
or  closed  a  valve  to  corre^  t^  Haw 
rate.  This  type  of  con||j||'WM  w>t 


entirely  satisfactory,  due  to  the 
fact  that  its  sensitivity  was  only 
plus  or  minus  1  percent,  and  phase 
shifts  caused  unstable  operation 
if  the  control  point  was  not  near 
the  center  of  the  coil.  Also,  it. 
could  not  be  used  on  small  sizes,  of 
rotameters,  because  the  magnttHe 
effect  of  the  coil  on  the  iron  rcid  *^ 
tached  to  the  float  was  so  gVMl  as 
to  affect  the  sensitivity  and  aocur- 
acy  of  the  rotameter,  jy  ^ 

About  a  year  ago,  a  la^^eAnary 
had  a  process  in  whidi  thftgr  wisiMd 
to  maintain  the  flow  rate  of  ailRiid 
to  zhi  percent  and  it  waa>'4acided 
to  use  a  fuUjb  oompamMtad  elec¬ 
tronic  relays  receiving  Ms  signals 
from  photalHhiMb  Thia>:!0ystem  had 
been  iQ^iMaeaaaful  «dperation  for 
many  aMMKring  the  smoke 

densi^  .iiftAl|rfa>  industrial  boilers 
aoAadustlaBtka  air  supply  to  main¬ 
tain  a’  fta»i4  smoke  color  at  the 
hpilee  eutleti 

-  , .  JBnr  ilw  rotameter  application,  it 
was  docided  to  use  two  light  beams, 
ipne  shining  across  the  top  of  the 
.  float,  and  the  other  across  the  bot¬ 
tom  of  the  float.  Each  light*  beam 


was  applied  to  a  phototube,  and  the 
outputs  of  the  phototube  amplifiers 
were  electrically  balanced  against 
e^h  other  to  cancel  out  the  effects 
oibinltage  changes  and  color  devia- 
tioiy>afl>4be  liquid. 

If  tlM  float  in  the  rotameter  ? 
moved  (|ue  to  a  change  in  flon^q^e 
Iiliototnbe  received  more  liflMfcind 
the  nther,  less  light.  This  u]|fei|pM|Be 
i<4imsed  a  thyratron  to  operalwa.  mo¬ 
tor  with  compensation  and  with  fall 
torque  at  all  times.  Thif  itotor 
changed  a  control  valve  in  thinl  —  ^  . 
rect  direction  to  restore  theifhmt  to  . 
the  set  value  within  =tei|p<»,iinn 
(0.0098  in.)  j  ' 

DUpositioR  of  Parts 

Arrangement  of  the 
pieces  of  equipment  is  sliti— fflii 
Fig.  2.  The  rotameter  is 
on  a  stand,  in  front  of  Ip^pailel 
as  in  Fig.  3.  The  electronic  •rtitcy, 
with  its  light  source  comMMfTto 
both  beams,  and  its  phototulM%«m- 
plifiers,  thyratrons,  and  allie<|«faip> 
ment,  is  mounted  behind  thfl  panel, 
as  in  Fig.  4.  Lucite  or  Plexiglass 
bars  are  used  to  transmit  the  light 


Closo-up  of  oloctronic  control  unit.  .  Corers  boro  boon  romoTod  from  chouis 
in  tho  foroground  to  roToal  plastic  bars  which  transmit  light  from  tho  sourco  to 
tho  rotomstor  glass  and  back  to  tho  phototubos 
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through  the  fluid  and  metering  tube 
to  other  bars  of  Lucite,  and  thence 
to  the  phototubes.  The  phototube^ 
are  of  the  high-vacuum  type  and 
are  not  appreciably  affected  by  volt¬ 
age  changes. 


secor 


Circuit  Detaiis 

Direct-current  bias  for  the  pho¬ 
totubes,  amplifiers,  and  thyratrons 
is  furnished  by  the  6H6  rectifier. 
One  half  of  the  tube  acts  as  an  or¬ 
dinary  high-voltage  half-wave  rec¬ 
tifier,  taking  voltage  drop  across  a 
load  resistor,  while  the  other  half 
utilizes  the  drop  across  the  tube, 
giving  low  voltage.  Both  plate  out¬ 
puts  are  filtered.  Resistors  R,  and 
Rt  provide  grid  bias  for  V,  and 
whUe  Cl  and  C»  provide  a-c  grid- 
to-cathode  return. 

J^hototubes  Vi  and  V,  are  so  con¬ 
nected  to  their  amplifiers  V,  and  V*, 
that  the  more  light  received  by  the 
phototubes,  the  lower  the  amplifier 
plate  output.  With  this  arrange- 
in  Fig.  6,  when  the  output  of  V,  ment,  it  is  possible  to  keep  a  nearly 
goes  beyond  a  predetermined  limit,  constant  plate  output  of  the  ampli- 
as  set  by  Ru,  a  type  2050  thyratron  fiers  with  a  variable  voltage.  For 
in  the  lock-in  circuit  fires  to  ener-  instance,  if  the  voltage  falls,  the 
gize  a  relay.  When  energized,  this  light  source  dims,  plate  voltage  of 
relay  disconnects  the  cathode  of  an  Ft  and  Vt  drops,  and  the  phototubes 
opposing  2050  so  that  it  cannot  op-  decrease  the  negative  grid  voltage 
erate,  and  puts  a  high  positive  volt-  of  the  amplifiers,  thereby  increas- 
age  on  the  grid  of  the  thyratron  V,  ing  plate  output  to  approximately 
to  run  the  motor  at  full  speed^  The  the  same  value  as  at  the  higher 
lock-in  circuit  does  not  come  into  voltage.  This  will  take  care  of  line 
play  until  the  float  is  about  ready  to  voltage  changes  in  the  order  of  :^5 
leave  the  light  beam.  v  at  115  v.  For  greater  changes  of 

The  electronic  relay  employed  voltage  the  plate  outputs  of  V,  and 
converts  impulses  from  a  pair  of  F*  will  vary  up  or  down  together, 
phototubes  into  signals  sufficiently  but  since  these  plate  outputs  are 
large  to  run  a  reversible  motor.  Net  balanced  against  each  other  in  T,  it 
movement  of  the  motor  is  propor-  will  not  affect  the  control.  With  the 
tional  to  the  signal  and  the  motor  amplifier  plates  balanced  against 
has  full  torque  at  all  times.  The  each  other,  color  changes  of  the 
electronic  Mlay  provides  electrical  liquid  in  the  rotameter  will  also 
compensation  by  means  of  a  circuit  cancel  out. 

which  varies  the  thyratron  grid  The  plate  of  F,  is  connected  to 
voltafr  by  eharffing  and  discharg-  one  half  of  the  primary  of  push-pull 
ing  a  capacitor  at  variable  rates,  transformer  T,  and  the  plate  of  F. 
Such  compoMstion  is  similar  in  re-  is  connected  to  the  other  half.  As- 
sults  to  mechanka]^4ltoottling  and  suming  the  float  is  in  neutral,  light 
reset  but  is  accomjrtihhed  electri-  on  F,  equals  light  on  F„  plate  out- 
cally  without  the  use  if ‘Mlays,  open  puts  of  F.  and  F4  will  be  equal  and 
contacts,  or  raoving’pAfts.  cancel  each  other  in  the  primary  of 

The  light  sourciiii  120  V  bulb  di-  T,  and  there  will  be  no  voltage  de- 
rected  through  two  pHiCSs  of  Lucite  veloped  in  the  secondary.  If  the 
or  Plexiglass  to  foAlt^  two  light  i^oat  moves  down  from  the  neutral 
beams  shining  across  th#rotaiheter.  position.  Ft  receives  more  light,  and 
They  are  spaced  so  that  When  the  F|  less  light,  therefore  the  grid  of 
float  is  in  balance,  one  half  of  each  F,  w|U  become  more  negative,  and 
light  beam  is  blocked  out  and  the  the  frid  of  V,  less  negative.  The 
other  half  of  the  beam  pas^  plate  output  of  F«  will  become 


emis 
deg  ( 
of  F 


FIG.  4 — ^bi  a  rear  view,  motor  drivM  and  control  toItoo  oppoor  below  the 
electronic  relays.  Mercold  units  mounted  on  the  Tolve  shafts  include  limit 
switches  ond  extras  which  con  be  used  to  operate  relays  on  terminal  panel 
for  automatic  shut-down  feoture 
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greater  and  that  of  V.  less,  causing 
a  voltage  to  be  developed  in  the 
secondary  of  T.  Since  the  primary 
voltage  is  pulsating  half  wave,  an 
a-c  voltage  will  be  developed  in  the 
secondary. 

A  fixed,  negative  d-c  bias  of  ap¬ 
proximately  10  V  is  maintained  on 
the  grids  of  V,  and  Vt  by  the  recti¬ 
fier  when  the  float  is  in  balance.  If 
the  float  falls,  as  assumed  above,  the 
positive  half  of  the  a-c  voltage  de¬ 
veloped  in  one  half  of  the  secondary 
of  T  reduces  the  negative  grid  volt¬ 
age  to  approximately  2  v  and  F,  fires 
to  run  the  motor  in  a  direction 
which  changes  the  valye  to  restc-re 
the  float  to  neutral.  Note  that  f,he 
emission  of  tubes  F,  and  F,  is  ;180 
deg  out  of  phase  with  the  emiss  on 
of  F,  and  F,. 


Anti-Hunt  Compensation 

It  can  readily  be  seen  that  if  the 
motor  were  to  run  at  full  speed  un¬ 
til  the  float  reached  its  neutral  posi¬ 
tion,  hunting  would  occur.  To  in¬ 
troduce  compensation  C%  is  used  in 
the  following  manner.  When  Ft 
fires  to  run  the  motor,  its  plate  be¬ 
comes  approximately  70  v  negative. 
This  negative  voltage,  in  addition 
to  running  the  the  motor,  charges 
C,  through  Rin,  and  R„  to  put  a 


high  negative  voltage  on  the  grid 
of  Ft  to  stop  it  from  firing.  Then, 
C,  discharges  through  R^o,  Ru, 
and  the  motor.  Thyratron  Ft  can¬ 
not  fire  again  until  €»  discharges. 

While  the  motor  is  not  running, 
the  float  has  a  chance  to  come  to 
rest.  If  its  point  of  rest  is  not  the 
neutral  position,  a  signal  from  T 
will  again  cause  the  motor  to  run. 
If  the  float  moves  a  great  distance 
from  neutral,  a  strong  signal  will 
be  developed  by  T,  and  the  motor 
will  have  to  run  a  long  time  before 
C,  is  charged  with  a  high  enough 
voltage  to  overcome*  the  effect  of 
the  secondary  voltage  of  T.  The 
motor  will  then  have  a  long  time 
delay.  If  the  signal  from  T  is  weak, 
the  motor  will  only  be  energized  a 
short  time  to  charge  (7*  a  small 
amount,  and  the  time  of  delay  will 
be  short.  In  other  words,'  the  net 
rate  of  movement  of  the  control 
valve  will  be  proportional  to  the 
amount  the  float  moves  from  neu¬ 
tral. 

Capacitor  and  resistor  values  are 
so  chosen  that  if  the  float  moves  a 
great  distance,  the  motor  will  run 
at  full  speed  without  interruptions. 
As  the  float  approaches  neutral,  the 
motor  begins  to  step  at  a  speed  pro¬ 
portional  to  the  distance  from  neu¬ 


tral.  Capacitor-resistor  combina¬ 
tions  C^-Ri  and  C^-R,  also  have  a 
somewhat  compensating  effect  but 
on  a  relatively  small  scale. 

If  the  float  had  moved  in  a  direc¬ 
tion  to  fire  F„  a  negative  feedback 
voltage  would  have  been  induced  in 
the  motor  field  not  being  used.  This 
induced  voltage  would  be  equal  to 
the  voltage  running  the  motor,  and 
would  cause  compensation  as  de¬ 
scribed  above. 

By  this  system  the  motor  always 
has  full  torque,  regardless  of  how 
close  the  float  is  to  balance.  This  is 
extremely  important  for  highly  sen¬ 
sitive  controls, — otherwise,  should 
the  valve  stick,  the  torque  delivered 
by  the  motor  near  the  neutral  point 
would  not  be  sufficient  to  restore  the 
float  to  its  original  balance  point. 
This  is  often  a  limiting  factor  in 
many  control  devices. 

Successful  field  operation  of  64  of 
these  units  for  several  months  has 
demonstrated  that  an  extremely  ac¬ 
curate  control  can  be  applied  to  de¬ 
vices  where  it  is  necessary  to  main¬ 
tain  a  movable  body  in  a  fixed  posi- 
*tion.  If  greater  sensitivity  is  re¬ 
quired,  concentrated  light  beams 
can  be  employed.  By  this  method, 
a  slight  change  in  float  movement 
will  cause  a  greater  signal  change. 


FIG.  5 — ^Baiic  circuit  of  oloctronic  rolay  iacludos  a  pcdi  of  shown  as  directly  connected  to  the  line,  is  sometimes  put  in 

FG17  thyrotrons  which  can  be  reploced  with  FG57  type  where  series  with  the  filaments  of  the  rectifier  and  amplifier  tubes 

a  large  motor  is  required  for  toIto  operation.  Light  source,  for  long  operating  life  at  reduced  roltage 

■IT 
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Spark  discharges  between  460  series-paralleled  metallic 
spheres  develop  i  watt  of  power  at  7,000  Me  for  the 
irradiation  and  stimulation  of  cells  in  biological  studies 
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Figure  1  shows  a  schematic  ar¬ 
rangement  of  the  circuit  of  the  ap¬ 
paratus.  It  follows  the  theory  of 
the  spark-gap  circuit  once  widely 
used  in  radiotelegraphy  with 
damped  waves,  except  for  the  fact 
that  in  this  instance  the  spheres 
oscillate  and  radiate  at  the  same 
time. 


(d)  The  energy  of  the  electro¬ 
magnetic  waves  generated  by  dis¬ 
charges  between  small  spheres  is  of 
the  order  of  10  *  watt. 

In  order  to  utilize  these  conclu¬ 
sions  in  a  practical  way  a  large 
number  of  metallic  spheres  were 
fixed  in  a  non-conducting  frame,  in¬ 
dividually  insulated,  and  at  conven¬ 
ient  terminals  high  voltage  was  ap¬ 
plied.  (The  excitation  of  the 
spheres  may  be  in  parallel,  in  series 
or  in  series-parallel.  The  last  dis¬ 
position  was  preferable.) 


~/i'F  chokes 
t 00.000  V 


Vtbrafoc  edfh 
/ pf  capCKi/or 
across  oufppf 


FIG.  1 — Schematic  of  tho  gonorator 


DoseriptioR  of  Apporafas 

The  apparatus,  shown  in  Fig.  2, 
is  mounted  on  top  of  a  cabinet  in 
which  a  transformer  is  housed.  Two 


APPARATUS  which  has  for  its  pur- 
^^pose  the  production  of  power  at 
extremely  high  frequencies  is  us¬ 
ually  associated  with  radio  trans¬ 
mission  but  that  described  here  ^^as 
designed  for  use  in  the  field  of  bi¬ 
ology. 

The  generation  of  damped  elec¬ 
tromagnetic  waves  by  means  of 
spark  discharges  between  metallic 
spheres  dates  back  to  the  beginning 
of  the  century.  A  complete  discus¬ 
sion  of  the  early  work  is  out  of 
place  here,  and  for  hypotheses  and 
theories  on  the  subject  we  refer  the 
reader  to  the  appended  bibliog¬ 
raphy. 


D*tigR  CoRsidRratioRs 

Some  of  the  conclusions  of  ear¬ 
lier  experiments  which  were  kept 
in  mind  in  designing  the  apparatus 
follow : 

(a)  When  a  metallic  sphere  is 
excited  by  electric  sparks,  highly 
damped  trains  of  waves  are  gener¬ 
ated. 

(b)  The  approximate  length  of 
the  fundamental  wave  is  given  by 
Thomson’s  formula  X  =  2itd/V3, 
where  d  is  the  diameter  of  the 
sphere. 

(c)  The  surface  of  the  spheres 
must  be  and  must  remain  highly 
polished,  otherwise  the  discharge 
ceases  to  be  oscillatory  and  becomes 
aperiodic. 


FIG.  3 — Qo««*ap  of  tho  loft  odgo  of 
tho  unit,  showing  how  binding-posts 
which  may  bo  soon  in  a  vortical  lino 
oro  usod  to  pormit  adlustmont  of  fins 


FIG.  5 — Partial  viow  of  tho  onit.  with 
somo  sphoros  romovod  to  show  how 
trootod  woodon  strips  provido  horlson- 
tol  spacing 


FIG.  4 — Potrollolod  round  porcoloin  rods  provido  vortical  groovos  in  which 
sphorM  may  bo  placod.  hooping  thorn  oqually  spacod  and  woU  insulotod 
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tiltable  arms  at  the  sides  sup¬ 
port  a  cylindric-parabolic  reflector 
in  which  the  radiatiiig  element  is 
positioned. 

The  transformer  used  was  taken 
from  an  old  x-ray  machine,  and  is 
rated  at  100,000  v  r.m.s.,  500  w.  Its 
terminals  are  connected  through 
high-frequency  chokes  to  two  comb¬ 
like  rods,  each  of  which  has  ten  ad¬ 
justable  “fins.”  The  rods  are 
equipped  with  binding-posts  which 
permit  adjustment  of  the  fins.  A 
set  of  binding-posts  associated  with 
one  of  these  rods  may  be  seen  in  a 
vertical  line  in  Fig.  3. 

Ten  parallel  rows  of  metallic 
spheres,  each  row  having  46 
spheres  in  series,  constitute  the 
generating  and  radiating  element. 
The  spheres  are  plain  metallic  balls 
such  as  those  used  in  ball  bearings, 
coated  with  platinum  to  prevent  as 
long  as  possible  rusting  due  to 
ozone  produced  by  the  sparks. 

To  obtain  individual  insulation 
of  each  sphere  straight  C  porcelain 
rods,  47  in  all,  were  assembled 
against  a  flat  wooden  back  to  con¬ 
stitute  a  corrugated  surface  having 
46  grooves,  in  each  of  which  10 
spheres  could  be  located  in  a  verti¬ 
cal  row,  as  shown  in  Fig.  4.  With 
this  disposition  every  sphere  is 
horizontally  spaced  the  same 
amount  from  the  spheres  to  the  left 
and  right,  which  is  important  for 
the  even  distribution  of  sparks. 
^  Horizontally  between  each  row  of 

I-  spheres  long  strips  of  treated  wood, 
were  inserted  as  shown  in  Fig.  5. 
To  hold  the  460  spheres  against  the 
[porcelain  rods  a  sheet  of  flat  glass 
'vas  provided  to  cover  the  entire 
^  irface  of  the  radiant  element. 

The  diameter  of  the  spheres  is 
12  mm,  and  therefore  the  funda¬ 
mental  wavelength  is  approxi¬ 
mately  43.4  mm.  The  power  radi- 


FIG.  2 — The  complete 
generator,  consisting  oi 
a  metallic-sphere  spark- 
discharge  unit  and  sheet- 
metal  parabolic  reflector 
to  concentrate  radiation. 
The  cabinet  on  which 
the  generator-radiator  is 
mounted  contains  the 
high-Toltage  supply 
transformer 


ated  by  the  whole  system  of  460 
spheres  at  the  fundamental  wave¬ 
length  is  around  i  watt.  (Assum¬ 
ing  that  the  power  of  the  har¬ 
monic  waves  decreases  according  to 
the  square  of  the  number  of  their 
natural  sequence,  the  power  of  tl^e 
tenth  harmonic,  or  4.3  mm,  would 
be  i  10  *w,  and  the  power  of  the  one 
hundredth  harmonic,  or  0.43  mm. 
would  be  i  10  *w.) 

Purpose  of  Apparatus 

The  purpose  of  the  apparatus 
was  to  make  available  in  the  biolog¬ 
ical  field  those  radiations  which 
fall  between  the  centimeter  waves 
and  the  heat  rays,  and  to  find  out 
if  such  radiations  might  be  of  use 
in  therapy. 

Living  things  are  made  up  of  bil¬ 
lions  of  individual  “cells.”  These 
cells  generally  vary  in  size  10'^  cm 
and  10’*  cm,  and  are  larger  in  vege- 
tals  and  smaller  in  viruses.  If  we 
want  to  stimulate  a  cell  we  can  do 
so  by  irradiating  it  with  waves  of 
the  same  order  of  magnitude,  since 
under  these  conditions  at  least  par¬ 
tial  resonance  may  be  expected. 


Rays  shorter  than  light  excite 
the  electrons  of  the  atoms  which 
form  the  cells,  no  matter  where 
those  electrons  are.  They  may  be¬ 
long  to  a  neuron  or  to  a  rock.  On 
the  other  hand,  short  waves  as  used 
in  diathermy  cause  in  the  tissue  as 
a  whole  variable  charges  which,  as¬ 
sociated  with  the  osmotic  and  ca¬ 
pillary  phenomena,  alter  the  circu¬ 
lation  of  the  liquids  of  the  body. 
In  both  instances,  the  cellular 
metabolism  that  ensues  is  not  a 
specific  direct  reaction  of  the  cells 
to  the  radiation,  but  a  derived  ef¬ 
fect.  Cells  in  tissues  represent  a 
tridimensional  grating,  and  with 
waves  of  proper  dimensions  it  may 
be  possible  in  the  future  to  insti¬ 
tute  a  new  kind  of  spectroscopy  of 
the  living  tissues  and  determine  if 
there  exists  a  kind  of  selective  ab¬ 
sorption  peculiar  to  every  type  of 
cell. 

liologieal  Uto 

Between  March  and  June,  1941, 
six  biological  experiments  were  per¬ 
formed  with  the  above  apparatus 
(Continued  on  page  306) 
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SUMMARY  OF  ANALYTICAL  METHODS  USED  IN  PETROLEUM  PRODUCTION  AND  RESEARCH 


Mtihod 


Masi  Spectrometry 


Infrared  Absorption  and 
Raman  Spectroaraphy 


Ultraviolet  Absorption 
Spectroscopy 


Emiuion  Spectrosrapfiy 


X-ray  and  Electron 
Diffraction 


Principal  Use  in  Petroleum  Industry 


Remarks 


Determination  of  low  molecular  weight  hydrocarbons,  such  as 
analysis  of  the  petroleum  "gas  cut  " 


Determination  of  molectilar  components  and  identification  ot 
functional  groups  within  molecules,  such  as  analysis  of  aviation 
gasoline  after  fractional  distillation  or  determination  of  mer- 
captans  (S-H)  in  gasoline  base  stock. 


Determination  of  aromatic  and  coniugated  olefinic  compounds, 
such  as  toluene  in  paraffinic  base  or  butadiene  for  synthetic 
rubber  manufacture. 

Determination  of  metals  and  metalloids,  such  as  anajysis  of 
catalysts  for  trace  metals. 


Determination  of  compound  identity  of  crysUlline  materials,- 
ai^  in  the  investigation  of  crystal  structure  and  structure  of 
colloidal  or  amorphous  materials. 


Principally  useful  for  mass-production  analysis  of  routine  gas  samples' 
Instrument  time  is  ^  to  H  hour  per  sample  but  calculating  time  may 
require  several  hours.  Extended  range,  high  speed,  pen  and  ink 
electronic  recorders  and  autoriMtic  calculators  arc  needed. 

Sample  may  be  a  gas,  liquid  or  solid  but  must  not  contain  more  than 
about  six  molecular  components  if  complete  identification  is  desired. 
Most  infrared  samples  must  not  contain  water  and  Raman  samples 
must  not  contain  much  fluorescent  material.  The  electronics  in¬ 
dustry  could  greatly  increase  the  usefulness  of  cither  method  by 
supplying  completely  electronic  detecting  and  recording  circuits. 

Electronic  detecting  and  recording  systems  arc  available  in  this  field. 
A  not-too-expensive  instrument  which  automatically  scans  the 
entire  spectrum  is  needed. 

Good  for  rapid  qualitative  survey  of  sample  or  for  quantitative 
determination  of  metals  present  in  low  concentration.  The  adapta¬ 
tion  of  electronic  detecting  and  recording  systems  to  replace  the 
photographic  emulsion  would  be  very  useful  in  most  cases. 

X-ray  tubes  and  generating  systems  arc  designed  to  meet  present 
requirements  but  electronic  detection  and  recording  is  much  needed 
in  the  x-ray  diffraction  field. 


X-ray  Microradiography  Tool  to  supplement  useful  metallurgical  microscopy. 

Electron  Micrography  Extends  the  range  of  ordinary  microscopy  so  that  smaller  objects  ^ 

can  be  seen,  and  increases  detail  due  to  its  great  depth  of  focus. 


A  "reflecting"  electron  microscope  seems  to  be  the  next  step  in 
this  ficid. 


Westinghouse  maas  spectrometer  used  for  separating  molecules  of  synthetic 
rubbers  and  oils  according  to  their  mass.  Molecules  of  each  mass  in  turn  ore 
made  to  enter  a  collector,  and  the  resulting  ion  current  is  amplified  and  read 
with  the  gaWanometer  on  the  desk 


is  needed  for  the  complete  analysis. 
The  application  of  the  same  princi¬ 
ples  to  continuously  recording 
units  operating  from  plant  streams 
is  equally  practicable.  However, 
such  equipment  may  often  be  quite 
complex  and  expensive  in  first  cost. 

Tko  Frequency  Spectrum 

Most  uniform  oscillatory  wave 
motion  belongs  to  the  electromag¬ 
netic  spectrum  which  is  shown 
schematically  in  Fig.  1.  Sound, 
electrons,  some  nuclear  rays,  re¬ 
ciprocating  mechanical  motion,  etc., 
are  not  electromagnetic  in  charac¬ 
ter  and  their  wavelength  or  fre¬ 
quency  regions  can  be  shown  only 
approximately.  The  radio  spectrum 
is  now  well  known  up  to  about  1000 
Me,*  but  from  here  on  to  1,000,000 
Me  lies  a  relatively  unexplored 
region  which  promises  to  be  very 
important  in  the  future. 

The  infrared  region  is  somewhat 
arbitrarily  said  to  begin  at  about 
1,000,000  Me  or  300  microns,  but 
the  region  from  300  to  30  microns 
is  largely  only  of  academic  interest 
at  present.  The  region  from  30 
microns  (300,000  Angstroms)  to 
0.03  Angstrom  is  that  in  which  the 
analytical  methods  described  in 
this  paper  operate.  In  the  short¬ 
est  wavelengths  are  found  hard  x- 
rays  and  gamma  rays.  In  the  past 


tw'o  or  three  years  gamma  rays 
have  been  used  to  “log”  oil  wells 
and  determine  where  oil-bearing 
strata  might  occur  even  though 
metal  casing  has  already  been  set 
within  the  well. 

With  the  advent  of  the  cyclotron 
and  similar  atom  smashers,  nuclear 
rays  have  been  used  in  numerous 
novel  experiments  involving  radio¬ 
active  “tracers”.  Atoms  of  a  spe¬ 
cific  element  can  be  “tagged”  by 
making  them  artificially  radioac¬ 
tive  and  then  followed  throughout 
the  course  of  a  reaction  by  follow'- 
ing  the  progress  of  the  radioactive 
atoms. 


Cosmic  rays,  the  most  penetra- 
trating  radiation  known,  are  gen¬ 
erated  outside  the  earth’s  at¬ 
mosphere.  They  have  been  found 
to  discharge  electroscopes  after 
penetrating  18  feet  of  lead.  Day 
and  night  we  are  subject  to  bom¬ 
bardment  by  cosmic  rays. 

The  energy  per  quantum  of  elec¬ 
tromagnetic  radiation  varies  di¬ 
rectly  with  the  frequency,  as  shown 
in  Table  I.  It  is  instructive  to  in¬ 
spect  briefly  this  energy  variation, 
for  this  in  part  dictates  the  trou¬ 
bles  encountered  in  detecting  the 
radiation  and  dictates  the  energy 
available  for  photochemical  reac- 
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Analytical  methods  involving  a  large  portion  of  the  electromagnetic  spectrum  are  being 
used  continuously  today  in  petroleum  production  and  research  to  identify  molecules  in 
complex  gas  or  liquid  samples  and  determine  the  exact  concentration  of  each  component 


Modern  aviation  gasoline  of 
the  “100  plus”  octane  num¬ 
ber  variety,  the  all-purpose  mili¬ 
tary  lubricants  required  in  today’s 
highly  stressed  equipment,  and 
pure  chemicals  produced  from 
petr9leum  for  the  manufacture  of 
synthetic  rubber  were  all  unheard 
of  in  World  War  I.  The  swift  pro¬ 
gress  of  petroleum  research  in  the 
development  of  these  products  and 
the  rapid  translation  of  laboratory 
processes  for  their  manufacture 
into  vast  commercial  operations 
has  spurred  on  the  analytical  chem¬ 
ist  to  new  heights.  Without  the 
participation  of  the  electronics  in¬ 
dustry,  this  progress  would  have 
been  impossible. 

In  the  past  the  simplest  methods 
served  to  control  the  manufacture 
of  gasoline  and  lubricating  oils. 
Today,  measurement  of  such  sim¬ 
ple  properties  as  gravity,  viscosity, 
and  boiling  range  is  not  sufficient. 


By 

F.  P.  HOCHGESANG  and 
C.  H.  SCHLESMAN 

Socony-Vacttum  Oil  Co.,  Jno. 
Research  and  Development  Division 
Paulsboro,  A’.  J. 


Modern  research  demands  far  more 
explicit  information.  Usually  the 
research  chemist,  and  often  the  pro¬ 
duction  engineer  also,  will  not  set¬ 
tle  for  anything  less  than  knowing 
the  complete  composition  in  terms 
of  the  molecules  present.  When  new 
methods  developed  for  research 
purposes  are  applied  to  industrial 
control,  our  dependence  upon  stable 
amplifiers  and  electronic  detectors 
and  recorders  becomes  complete. 

These  modem  radiation  methods 
have  again  stressed  the  importance 
of  the  electromagnetic  spectrum  to 
the  petroleum  chemist.  The  regions 
most  frequently  employed  in  this 


field  include  the  x-ray,  ultraviolet, 
visible  and  infrared  portions  of  the 
spectrum.  Naturally  the  technique 
resembles  that  of  the  physicist 
more  than  that  of  the  chemist.  The 
chemist  endeavors  to  make  mate¬ 
rials  react  with  specific  reagents  to 
yield  a  unique  product  which  will 
identify  some  component  of  the 
original  sample  and  which  can 
preferably  be  weighed  or  titrated 
to  determine  the  concentration  of 
the  unknown  component  in  the 
sample. 

The  physicist,  on  the  other  hand, 
usually  makes  measurements  on  the 
sample  as  received,  often  returning 
the  sample  still  in  its  original  con¬ 
dition.  Such  physical  measure¬ 
ments  yield  new  and  direct  in¬ 
formation  concerning  the  sample. 
These  methods  are  frequently  much 
more  rapid  than  wet  methods  and 
only  a  small  amount  of  the  sample 
(sometimes  less  than  a  milligram) 
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FIG.  I— ^TIi*  frequency  Bpectrum.  with  upper  boxes  ehowing  how  Torloua  portimit  of  the 
epectrum  eon  be  generated  and  detected  for  use  in  the  petroleum  analytical  field 
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the  mass  spectra  of  known  pure  hy¬ 
drocarbons,  since  the  unknown 
mass  spectrum  can  be  considered 
as  a  summation  or  superposition  of 
the  mass  spectra  of  all  the  compon¬ 
ents  of  the  sample. 


occur  at  a  faster  frequency  and  this 
happens  in  molecules  also.  In 
ethane,  HtC-CH.,  the  carbon  atoms 
are  connected  by  a  single  bond  and 
vibrate  against  each  other  at  993 
cm’\  In  ethylene,  H,C=CH„  the 
carbons  are  connected  by  a  double 
bond  or  stronger  spring.  The  vibra¬ 


tion  is  more  rapid,  at  a  frequency 
of  1623  cm‘\  [1  cm  *  =  1/X  (cm).] 
The.  vibrations  just  described  are 
all  simple  stretching  vibrations. 
Atoms  also  may  vibrate  in  such 
fashion  that  angular  motion  occurs 
and  such  vibrations  are  called  de¬ 
formation  or  bending  vibrations. 


I■frar•d  Absorptios 

At  the  present  time  the  mass 
spectrometer  is  used  in  the  petro¬ 
leum  industry  primarily  to  deter¬ 
mine  the  molecular  composition  of 
complex  mixtures  of  gaseous  mate¬ 
rials.  Other  spectroscopic  methods 
are  generally  used  to  determine  the 
composition  of  liquid  or  higher- 
molecular-weight  samples  and  cer¬ 
tain  rather  simple  gas  mixtures. 
For  example,  in  high-octane  avia¬ 
tion  gasoline,  it  is  well  known  that 
certain  types  of  molecules  are  de¬ 
sirable  and  others  undesirable.  But 
many  of  both  the  good  and  bad 
molecules  are  very  much  alike  in  all 
their  physical  properties  and  often 
cannot  be  isolated  by  even  the  best 
fractional  distillation  techniques. 
Thus,  n-heptane  has  zero  octane 
number  and  isooctane  has  100  oc¬ 
tane  number.  Present-day  aviation 
miracles  would  be  impossible  if 
much  n-heptane  was  present  in  the 
fuel,  but  n-heptane  and  isooctane 
can  be  separated  by  distillation,  if 
at  all,  only  by  very  laborious  pro¬ 
cedures.  Infrared  spectroscopy*  *■  *® 
readily  differentiates  between  these 
hydrocarbons,  as  is  illustrated  in 
Fig.  2. 

All  this  is  possible  because  the 
frequency  of  the  l-to-30  micron  in¬ 
frared  region  corresponds  to  the 
vibration  frequencies  of  atoms  or 
groups  of  atoms  in  hydrocarbon 
molecules.  As  long  as  any  molecule 
is  not  at  absolute  zero,  the  atoms 
within  the  molecule  are  constantly 
oscillating  about  their  positions  of 
equilibrium.  For  example,  a  hy¬ 
drogen  atom  vibrates  against  a  car¬ 
bon  atom  in  aliphatic  hydrocarbons 
with  a  frequency  corresponding  to 
a  wavelength  of  3.4  microns.  This 
vibration  is  a  simple  stretching 
vibration  wherein  the  frequency  of 
oscillation  is,  to  a  first  approxima¬ 
tion,  determined  by  the  mass  of  the 
vibrating  atoms  and  the  valence 
forces  which  bind  them  together.  A 
physical  analogy  is  the  resonance 
vibration  of  two  spheres  of  given 
weights  connected  by  a  spring.  If 
the  tension  of  the  spring  is  in¬ 
creased  the  resonance  vibration  will 


In  this  moss  spsctoomstor  mods  by  ConsoUdortsd  Enginssrinq  Corp..  ssTsral 
cabinsts  full  of  slsctronic  squipment  or*  nssdsd  to  provido  on  automatic 
rocord  showing  how  many  ions  of  each  mass  or#  prosont  in  a  gas.  From  loft 
to  right,  tho  cobinots  contain  gas  introduction  systems  and  Tacuum  gages;  the 
magnet,  with  the  moss  spectrometer  tube  between  the  pole  pieces;  and  the 
power  supplies,  ion  current  amplifier,  recording  oscillograph  and  automatic 
moss  scanning  device 


Infrared  spectrograph  used  in  Socony-Vacuum  Laboratories.  The  spectrogroph 
proper  is  in  o  metol  housing  to  permit  evacuation  for  removal  of  water  vapor 
and  carbon  dioxide.  On  the  rack  at  the  right  is  the  pen  and  ink  recorder  that 
traces  out  the  spectrum  of  the  material  being  analysed 
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FIG.  3 — Optical  onangament  oi  inirorml  spectrophotometer  made  by  Notional 
Techniccd  Laboratories.  The  gaseous  somple  to  be  analysed  Is  placed  in  the 
absorption  cell.  The  thermopile  (or  thermocouple)  output  Is  read  on  a  sensitiTO 
galTcmometer  mounted  in  a  droit  and  Tibrotion-prooi  housing 


FIG.  2 — Infrared  absorption  spectra  ob¬ 
tained  automatically  with  on  Infrared 
spectrograph  corering  the  worelength 
region  from  7  to  10  microns,  for  two 
hydrocarbons  thot  ore  difficult  to  sepa¬ 
rate  by  distillation.  Characteristic  ab¬ 
sorption  peaks  provide  po^tive  identifi- 
cotlon  of  gen  or  liquid  samples 

tion.  Thus,  the  short  wavelength 
radiation  such  as  x-rays  and  ultra¬ 
violet  rays  readily  enters  into  pho¬ 
tochemical  reactions.  Ultraviolet 
and  visible  radiation  readily  acti¬ 
vates  photoelectric  surfaces.  The 
long-wavelength  infrared  and  ra¬ 
dio  waves  in  general  cannot  enter 
into  photochemical  reactions  be¬ 
cause  the  energy  per  quantum  of 
radiation  is  too  small.  Radiation  of 
wavelength  longer  than  about  2 
microns  cannot  expel  photoelectrons 
from  photoactive  surfaces  which 
would  be  stable  at  room  tempera¬ 
ture. 

Mass  Spactromefry 

The  newest  of  the  new  analytical 
tools  applied  to  petroleum  problems 
is  the  mass  spectrometer.  Commer¬ 
cial  instruments  are  capable  of  rou¬ 
tine  refinery  control  work  to  pro¬ 
vide  accurate  petroleum  gas  analy¬ 


ses  in  amazingly  short  times  on 
samples  so  small  that  their  size  is 
dictated  by  sample  handling  tech¬ 
niques  in  collecting  and  transport¬ 
ing  the  sample  rather  than  the 
amount  required  for  analysis.  Mass 
spectrometry  finds  its  greatest  use¬ 
fulness  within  the  petroleum  indus¬ 
try*-  *  as  a  method  that  replaces  ted¬ 
ious  low-temperature  fractional  dis¬ 
tillation  and  accompanying  tech¬ 
niques  for  the  control  of  refinery 
gaseous  streams. 

In  the  rapid  spectrometric  meth¬ 
ods  devised  to  analyze  the  petro¬ 
leum  “gas  cut”,  the  instrument  time 
required  is  about  i  to  i  hour  per 
sample  and  results  from  the  data  ob¬ 
tained  can  be  calculated  in  from  a 
few  minutes  to  several  hours  de¬ 
pending  upon  the  problem.  This 
method  soon  proves  its  value  when 
one  realizes  that  other  methods  re¬ 
quire  from  4  hours  to  several  days 
to  do  the  same  job.  Usually  the  re¬ 
sults  from  the  mass  spectrometer 
are  more  accurate  and  the  method 
is  less  subject  to  operator  errors. 

The  mass  spectrometer  is  so 
named  from  certain  similarities  it 
possesses  to  an  optical  spectro¬ 
meter.  The  latter  separates  light 
into  its  various  component  wave¬ 
lengths  by  the  dispersion  obtained 
in  passing  light  through  prisms  or 
gratings.  The  mass  spectrometer 
separates  gas  molecules  according 
to  their  mass  by  ionizing  the  gas, 
accelerating  these  ions,  and  de¬ 


flecting  them  in  a  magnetic  field. 
Gas  from  the  sample  is  made  to 
pass  through  several  tiny  orifices, 
so  that  a  constant  flow  occurs  into 
the  spectrometer  tube  in  which  a 
high  vacuum  is  maintained  by  con¬ 
tinuous  pumping.  Electrons  from 
a  heated  filament  are  accelerated  by 
passing  through  a  potential  grad¬ 
ient  and  fall  on  the  entering  gas 
stream,  causing  ionization  and  dis¬ 
sociation  of  some  of  the  gas  mole¬ 
cules.  The  molecules  not  thus  ex¬ 
cited  are  drawn  out  of  the  system 
by  the  exhaust  pump.  The  ions  and 
ion  fragments  thus  formed  are 
urged  toward  a  slit  in  a  plate  by  a 
small  potential  difference  and  then 
are  accelerated  to  very  high  veloc¬ 
ity  by  an  electrode  arrangement 
similar  to  that  in  an  electron  gun. 
The  resulting  high-velocity  ions  are 
directed  into  a  magnetic  field.  Only 
certain  ions  having  the  correct 
mass-to-charge  ratio  will  travel 
through  the  center  of  the  analyzer 
tube  and  ultimately  lose  their 
charge  to  the  ion  collector  from 
whence  their  current  is  amplified 
and  measured. 

By  variation  of  -the  accelerating 
potential  and/or  the  magnetic  field, 
such  an  instrument  can  be  made  to 
determine  the  relative  abundance 
of  various  weight  ions.  This  data 
can  be  converted  to  the  relative 
abundance  of  the  various  molecules 
in  the  initial  sample  by  comparing 
the  unknown  mass  spectrum  with 
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are  difficult  to  identify  in  this  re¬ 
gion.  Even  the  water  vapor  and 
carbon  dioxide  in  the  air  must  be 
eliminated  from  the  optical  path 
through  the  instrument  or  a  cor¬ 
rection  made.  The  optical  arrange¬ 
ment  of  one  such  instrument  is 
shown  in  Fig.  3. 

The  radiation  involved  in  spec¬ 
troscopy  is  of  very  low  inherent 
energy,  as  shown  in  Table  I.  It  can¬ 
not  be  photographed  at  wavelengths 
longer  than  12,000  A  or  1.2  microns, 
and  will  not  actuate  photo  electric 
cells  above  about  1.7  microns.  It 
can  only  be  detected  by  tiny  ther¬ 
mocouples,  bolometerig,  radiometers, 
etc.  Such  instruments  must  detect 
temperature  changes  with  a  limit 
of  error  equal  to,  or  less  than, 
0.00005  deg  C.  The  most  commonly 
used  detector  is  the  thermocouple. 
A  microvolt  output  of  the  ther¬ 
mocouple  must  develop  about  full- 
scale  deflection  on  the  recording  in¬ 
strument  used.  Since  the  usual  re¬ 
sistance  is  only  about  15  ohms  and 
the  period  about  1  second,  electronic 
amplification  is  difficult  Sensitive 
i  galvanometers  with  their  accom¬ 
panying  vibration  troubles  must  be 
:  relied  upon.  The  authors  know  of 
'  just  one  case  where,  in  the  past  few 
months,  a  thermocouple  has  been 
made  with  sufficiently  small  mass  so 
that  its  period  is  faster  than  1  sec¬ 
ond  and  electronic  amplification  of 
the  thermocouple  output  has  become 
possible.  The  spectrograph  in  use 
in  the  Socony-Vacuum  Laboratories 
uses  a  bolometer  as  a  detector.  Elec¬ 
tronic  amplification  is  used  and  re¬ 
sults  to  date  indicate  that  this  com¬ 
bination  marks  an  important  step 
forward. 

Ultraviolet  Absorption  Spectroscopy 

The  readily  accessible  ultraviolet 
region  of  the  spectrum  from  2,000 
A  up  to  the  visible  region  also  dis¬ 
plays  phenomena  related  to  the 
structure  of  molecules.  Molecules 
which  contain  resonating  groups, 
such  as  diolefins  which  contain  con¬ 
jugated  unsaturated  carbon  groups, 
exhibit  selective  absorption  of  ul¬ 
traviolet  light. 

Of  particular  interest  to  the 
petroleum  industry,  aromatic  hydro- 
I  carbons"  and  drying  oils  and  res- 
i’ls"  yield  characteristic  ultraviolet 
Jbsorption  spectra  by  means  of 
V  hich  such  molecules  can  be  identi- 
f  ed.  Saturated  hydrocarbons  do  not 


absorb  appreciably  in  this  region. 
Thus,  the  identity  and  concentra¬ 
tion  of  some  aromatic  compounds 
(those  which  may  be  present  in 
gasoline)  can  be  determined  with¬ 
out  separation  from  the  paraffinic 
hydrocarbons. 

An  analysis  has  been  reported 


wherein  straight-run  or  saturated 
naphtha  is  split  into  five  fractions 
over  the  range  of  125-150  deg  C  and 
these  fractions  analyzed  for  ethyl¬ 
benzene  and  the  three  xylenes  with 
an  accuracy  better  than  that  of  any 
other  available  procedure.  More 
{Continued  on  page  308) 


In  this  emission  spectrograph,  the  samples  to  be  analysed  are  burned  in  an 
electric  arc  or  spark  in  the  hood  ot  the  right.  The  light  emitted  is  broken  into 
its  spectrum  by  a  quartz  prism,  and  the  spectrum  is  recorded  on  film 


At  the  right  are  lour  evacuable  powder  cameras  in  position  around  the  x-ray 
tube  oi  on  x-ray  diiiraction  unit.  High-voltage  equipment  is  under  the  table, 
enclosed  by  metal  screening.  The  operator  is  adiusting  the  intensity  oi  the 
x-roy  beam.  This  unit  was  built  in  Socony-Vacuum  Laboratories  about  six 
years  ago.  but  complete  and  versatile  commercial  equipment  is  now  available 
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Thu  Lm<U  and  Northnq)  rocordinq  microphotometer 
can  b«  UMd  to  measuro  the  optional  denBity  of  each 
spectral  line  on  a  photographic  plate  produced  by 
on  emission  spectrograph 


Operator  U  placing  a  sample  on  a  spindle  in  the  center  of  a  large- 
diameter  cylindrical  x-roy  diffracti&i  camera.  Smaller  cameras,  a  pinhole 
camera  and  a  Philips-Metalix  x-roy  tube  used  as  a  source  of  radiadon 
for  these  cameros  can  also  be  seen 


For  example,  an  H-C-H  or  CH, 
group  in  aliphatic  hydro-carbons 
has  a  strong  deformation  vibration 
at  1,460  cm  ‘.  Atomic  groups  may 
rotate  with  respect  to  one  another, 
thus  yielding  still  another  type  ’of 
motion  having  a  characteristic  fre¬ 
quency.  Many  combinations  of  the 
above  types  occur  to  yield  combina¬ 
tion  frequencies.  Any  molecular  vi¬ 
bration  which  is  accompanied  by  a 
change  of  dipole  moment  is  “in¬ 
frared  active”  and  will  absorb,  by 
resonance,  radiation  corresponding 
to  the  frequency  of  vibration. 

Roman  Spectroscopy 

Raman  spectroscopy®'  *  supplies 
essentially  the  same  information 
concerning  molecular  composition 


as  infrared  absorption  studies  but 
accomplishes  the  task  in  a  diiferent 
manner.  In  Raman  spectrography, 
light  of  characteristic  and  usually 
visible  wavelength,  such  as  that 
from  a  mercury  discharge  tube,  is 
allowed  to  illuminate  the  sample. 
Light  originating  in  the  sample  at 
a  direction  perpendicular  to  the  in¬ 
cident  beam  is  dispersed  in  a  large- 
aperture  spectrograph  and  the  re¬ 
sulting  spectrum  photographed  and 
examined.  This  scattered  and/or 
re-emitted  light  coming  from  the 
sample  contains  light  of  frequencies 
corresponding  to  that  of  the  inci¬ 
dent  beam  plus  or  minus  the  fre¬ 
quencies  of  various  vibrating 
groups  within  the  sample,  and  thus 
can  be  used  to  identify  the  parent 


TABLE  I.  Quantum  Energy  of  Some  Electromagnetic  Radiations 


WAVELENGTH 

APPROXIMATE 

ENERGY 

Angflromt;  Micro  fit 

COLOR 

per  quantum 
(ersi) 

per  einstcin*  | 
(kilo-cal.) 

relative 

300,000  '  30 

Inlrired 

0.066  x10-« 

0.95 

0.33 

100,000  10 

Vibration  infrared 

0.196 

2.85 

1 

10,000  1 

Photosraphic  infrared 

1.96 

28.5 

10 

7,000  0.7 

Red 

2.81 

40.7 

14.3 

6,200  0.62 

Orange 

3.17 

•  45.9 

16.1 

5,800  0.58 

Yellow 

3.39 

49.1 

17.2 

5,300  ,  0.53 

Green 

3.71 

53.8 

18.9 

4,700  0.47 

Blue 

4.18 

60.5 

21.3 

4,200  1  0.42 

Violet 

4.68 

67.8 

23.8 

3,000  0.30 

Ultraviolet 

6.55 

94.8 

33.3 

1,000 

Vacuum  Ultraviolet 

19.6 

285 

100 

100 

Long  X-rays 

196 

2,850 

1,000 

1  i 

X-rays 

19,600 

285,000 

100,000 

0.1  1 

Gamma  Rays 

196,000 

2,850,000 

1,000,000 

*  The  cinstcin  is  similar  lo  the  iaraday  or  chemical  equivalent  of  electrical  enersy. 


molecules.  Samples  for  Raman  in¬ 
vestigation  must  be  well  fraction¬ 
ated  just  as  with  infrared. 

The  photographic  process  compli¬ 
cates  quantitative  interpretation  of 
Raman  spectra,  and  a  direct-read¬ 
ing,  automatic-recording  detecting 
system  for  the  visible  light  eman¬ 
ating  from  a  Raman  spectrograph 
would  greatly  enhance  its  industrial 
usefulness.  Multiplier  phototubes 
have  already  been  successfully  ap¬ 
plied  to  this  problem’. 

Experimental  Difficulties  with  Infrared 
Spectroscopy 

Infrared  spectroscopy  is  used  at 
present  in  the  petroleum  industry 
to  a  much  greater  extent  than 
Raman,  even  though  the  experi¬ 
mental  difficulties  in  infrared  work 
constitute  a  formidable  list.  To 
mention  a  few,  ordinary  optical  ma¬ 
terials  will  not  transmit  infrared 
radiation  in  the  wavelength  region 
used  and  prisms  and  windows  of 
sodium  chloride,  potassium  bromide 
and  lithium  fluoride  are  used  in  con¬ 
junction  with  front-surfaced  mir¬ 
rors. 

These  are  now  available  in  large 
perfect  crystals  of  synthetic  manu¬ 
facture  but  the  chloride  and  bro¬ 
mide  are  readily  attacked  by  water 
vapor  and  must  be  handled  accord¬ 
ingly  in  use.  Gratings  are  not  use¬ 
ful  for  general  survey  work  be¬ 
cause  overlapping  orders  of  spectra 
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INFLUENCE  OF  FEEDBACK 


Analysis  of  the  use  of  negative  feedback  to  reduce  source  impedance  in  amplifier  stages 
and  transmission  lines,  as  required  in  video  design  and  other  applications  where  high-fre¬ 
quency  response  must  be  improved  or  loudspeaker  “hangover”  must  be  eliminated 


INVERSE  FEEDBACK  is  widely  used 
in  amplifiers  today  to  stabilize 
gain,  improve  frequency  response, 
and  reduce  distortioni  One  other 
extremely  valuable  feature  of  nega¬ 
tive  feedback  is  the  apparent  reduc¬ 
tion  of  source  impedance  it  may 
cause ;  this  is  not  only  important  in 
itself,  but  may  also  serve  as  a  basis 
for  anal3rzing  all  the  other  features 
of  feedback. 


InpedaRC*  CoMidvrotioR 

Let  us  then  derive  a  formula  for 
the  variation  in  source  impedance 
with  feedback.  The  gain  of  a  feed¬ 
back  amplifier  is 


where  =  gain  with  feedback,  *  = 
gain  without  feedback,  and  = 
ratio  of  feedback  voltage  to  output 
voltage,  or  the  fraction  of  output 
voltage  fed  back  (negative  for  de¬ 
generation)  . 

As  the  load  impedance  approaches 
infinity  the  equation 


a 


—  II  Zl 
Zl  -|-  Rf 


(2) 


approaches  the  value  a  =  —  ju,  and 
of  approaches  the  value  —/*/(!  -J- 
fifi) ,  where  n  =  amplification  factor 
of  the  tube,  Rp  =  plate  resistance 
of  the  tube,  and  Zl  =  load  imped¬ 
ance. 

In  Fig.  1,  which  is  the  equivalent 
circuit  of  an  amplifier  stage,  one 
method  of  finding  the  source  im¬ 
pedance  would  be  to  connect  a  load 
of  such  value  that  the  voltage  at 
TiTt  measured  exactly  half  the  value 
it  would  have  if  the  load  imped¬ 
ance  were  infinite,  in  which  case 
Zl  would  equal  Rp.  Practically,  this 
would  mean  choosing  a  value  of  Zl 
such  that  a  =  —/i/2.  The  same  rea¬ 
soning  holds  true  for  an  amplifier 
with  feedback,  where  Rp  =  Zl  when 
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Substituting  Eq.  (2)  in  Eq.  (1), 


—  IiZl 
Zl-\-Rp 


1  + 


Pi*Zl 
Zl  -H  Re 


(4) 


To  find  the  apparent  plate  imped¬ 
ance  we  need  only  substitute  the 
value  of  a'  given  by  Eq.  (3)  in  Eq. 
(4)  and  solve  for  Zl,  which  will  be 
the  value  of  load  impedance  re¬ 
quired  to  make  v.'  equal  one  half  its 
maximum  value,  and  will  therefore 
also  be  the  source  impedance  of  the 
amplifier : 


Kl 


—  hZl 
Zl  -f-  Rr 


1-f 


0I^Zl 

Zl  "1"  Rr 


Solving  for  Zl, 


Zl  -  Rr' 


Rr 

1  fifi 


(5) 


(In  this  equation  jx  must  be  nega¬ 
tive.  Strictly  speaking,  it  should  al¬ 
ways  be,  because  of  the  180  deg 
phase  reversal  in  an  amplifier 
stage) . 

From  this  formula  it  can  be  seen 
that  negative  feedback  in  effect  re¬ 
duces  the  plate  resistance  of  a 
tube,  and  in  a  practical  case  can 
make  a  pentode  or  beam  power  tube 
have  a  source  impedance  as  low  as 
that  of  a  triode,  or  lower. 


It  is  well  known  that  pentode  and 
beam  power  output  stages  have 
poor  frequency  response  and  ap¬ 
preciable  distortion.  These  defects 
are  manifested  mainly  in  two  ways. 

bcfRcts  of  PoRfodo  and  Beam  Tnbes 

FMrst,  the  speaker  tends  to  have 
“hangover”;  that  is,  the  cone  and 
voice  coil  assembly  tends  to  vibrate 
at  its  own  natural  period  when  a 
transient  or  a  steep  wave  front  sig¬ 
nal  is  applied,  and  the  amplifier’s 
output  will  be  far  above  normal 
when  a  signal  is  applied  whose  fre¬ 
quency  is  equal  or  close  to  the  me¬ 
chanical  resonant  frequency  of  the 
speaker.  This  does  not  occur  in  a 
triode  because  the  low-impedance 
source  shunts  the  speaker’s  counter 
emf  and  effectively  damps  the  vi¬ 
bration.  A  pentode  or  beam  tube 
with  enough  feedback  to  approxi¬ 
mate  a  triode’s  plate  resistance 
will  behave  similarly. 

The  second  effect  is  a  response 
which  rises  with  increasing  fre¬ 
quency;  this  happens  because  the 
primary  inductance  of  the  output 
transformer  presents  an  appreci¬ 
able  (and,  of  course,  varying)  load 
to  the  tube  throughout  the  audio 
spectrum.  In  a  triode  stage  the 


FIG.  1 — EquiTalent  circuit  ai  an  amplifier  FIG.  2 — Voltage  feedback  circuit  using  a 
stage  connected  to  a  load  portion  of  the  output  voltage 
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transformer  primary’s  inductive 
reactance  is  high  compared  to  the 
tube’s  plate  resistance  except  at  the 
very  lowest  audio  frequencies,  and 
thus  a  fairly  uniform  response  is 
obtained.  As  in  the  first  case,  feed¬ 
back  will  enable  a  beam  power  or 
pentode  tube  to  give  similar  per¬ 
formance. 

Pentode  voltage  amplifiers  can 
use  feedback  advantageously  also, 
for  it  will  lessen  the  effect  of  the 
input  capacitance  of  the  next  tube 
and  therefore  improve*  the  high-fre¬ 
quency  response. 

In  general,  it  may  be  said  that 
inverse  feedback  will  improve  the 
action  of  any  tetrode  or  pentode 
amplifier  whose  load  contains  shunt 
reactive  components. 

Carrcat  F««dback  Cirevit 

The  foregoing  discussion  and  de¬ 
rivation  assume  that  is  constant 
regardless  of  changes  in  load  im¬ 
pedance.  This  is  true  in  the  circuit 
of  Fig.  2  or  in  any  circuit  where  a 
portion  of  the  output  voltage  is  fed 
back.  I#  we  consider  Fig.  3,  how¬ 
ever,  we  see  a  network  in  which  a 
voltage  is  fed  back  which  depends 
on  the  output  current  rather  than 
the  output  voltage,  and  /3  is  not 
constant  but  depends  on  Zl.  In  this 
case  p  is  determined  by  the  ratio 
of  the  voltage  drop  across  R,  to  the 
voltage  drop  across  Z,.  Therefore, 

XrRr  Rr 


sistance  is  in  the  plate  circuit  and 
the  other  half  is  in  the  cathode  cir¬ 
cuit,  hence  p  =  —0.50,  a'  =2  and 

=  —Et.  This  is,  apparently,  quite 
a  good  circuit  for  phase  inversion; 
however,  if  we  examine  it  in  the 
light  of  the  above  discussion  we  can 
see  an  interesting  problem.  Look¬ 
ing  back  into  the  plate  circuit  we 
see  a  current  feedback  arrange¬ 
ment  and  a  high-impedance  source. 
On  the  other  hand,  the  cathode  load 
sees  a  voltage  feedback  circuit  and 
a  low-impedance  source;  thus  it  is 
apparent  that  the  network  will  not 
give  perfect  phase  inversion.  A 
pentode  would  give  especially  poor 
results  in  such  a  circuit;  however, 
the  writer  has  obtained  satisfac¬ 
tory  results  by  using  a  low-/i 
triode  with  a  low  value  of  load  re¬ 
sistance  in  such  an  arrangement. 

Load  ia  Cathodo  Circait 

Figure  5  is  an  interesting  appli- 
•cation  of  voltage  feedback.  The  en¬ 
tire  load  is  placed  in  the  cathode 
circuit,  so  that  p  =  —1,  and  froip 
Eq.  (5)  R',  very  nearly  equals 
Rf/fi  or  1/Gm.  This  circuit  is  use¬ 
ful  where  a  very  low  source  imped¬ 
ance  is  required,  as  for  instance  in 
certain  video  applications. 


Zt  +  Rf  +  Rf 

Substituting  Eq.  (6)  in  Eq.  (8) 


Simplifying, 


Zt  -h  fti-  +  (1  -  m)  fir 
Eq.  (9)  is  identical  with  Eq.  (2) 
except  that  a  becomes  a'  and  R,  be- 
becomes  -|-  (1  — /i)^r].  Our 
formula  for  apparent  source  imped¬ 
ance,  considering  /i  negative  as  in 
Eq.  (5),  is 

fi'r  =  fir  +  (1  -  m)  fir  (10) 

Thus  in  Fig.  3  or  in  any  current 
feedback  circuit,  the  tube’s  plate 
resistance  is  increased,  and  hence 
the  output  current  tends  to  be  stab¬ 
ilized,  rather  than  the  output  volt¬ 
age  as  in  a  voltage  feedback  circuit. 
Current  feedback  will  not  improve 
frequency  response  because  if  the 
load  impedance  varies  with  fre¬ 
quency  p  will  also  vary.  For  this 
type  of  feedback  Eq.  (1)  becomes 


and 

lave 


lave 

and 

rate 


ance 

nter 


Current  feedback  is  especially  un¬ 
desirable  in  power  amplifiers  for 
it  tends  to  stabilize  the  output 
transformer’s  magnetizing  current 
(i.e.,  make  it  sinusoidal),  and  thus 

In  the  circuit  of  Fig.  3,  Eq.  (2)  be- 

comes  Phat*  Invariar 


A  significant  fact  to  remember 
is  that  by  using  Eq.  (5)  and  the 
circuits  in  Fig.  2  and  Fig.  5  it  is 
possible  to  match  any  tube  to  any 
load  whose  value  is  equal  to  or 
greater  than  1/Gb. 

Inverse  feedback  reduces  the 
gain  of  an  amplifier  of  course,  but 
this  is  no  problem  with  present-day 
high-gain  tubes,  and  the  advan¬ 
tages  of  feedback  offset  this. 
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The  circuit  in  Fig.  4  represents 
a  phase  inverter  network  which 
utilizes  feedback.  Half  the  load  re¬ 


Zt  -f-  Rr  fii 
and  Eq.  (4)  becomes 


FIG.  3 — Current  feedback  circuit  using  FIG.  4 — Circuit  using  feedback  for  phase  FIG. 
drop  in  cathode  resistor  inversion 


5 — Cathode-loaded  circuit  with  ex¬ 
tremely  low  source  impedance 
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Gas-Filled  and 


Significant  features  are  reviewed.  These  include  low  power  loss,  high  breakdown  volt¬ 
age,  space  economy,  stable  dielectric  constant,  low  temperature  coefficient,  high  efitciency, 
good  dielectric  strength,  and  self-healing  capabilities 


Vacuum  capacitors  for  7500  peok  Tollage  in  25  and  50  MMf  sises  ore  supplied 
hj  General  Electric  Co.  in  the  style  at  the  left.  Applications  for  the  some 
capacitances  at  16.000  peak  Tolts  are  filled  by  the  type  at  the  right.  Sixe 
comparisons  with  air  capacitors  give  these  units  ten-to-one  advantage  for  the 
same  voltage  rating 


By  HERBERT  B.  MICHAELSON 

Netc  York,  N.  Y. 


IN  MODERN  RADIO  and  electronic 
apparatus,  the  conventional  air 
capacitor  is  often  suitable  because 
its  power  losses  are  ordinarily  so 
small  as  to  be  almost  unmeasurable. 
However,  both  air  and  solid  dielec¬ 
trics  have  certain  limitations,  many 
of  which  can  be  obviated  by  the  use 
of  vacuum  or  gas-filled  capacitors. 

Vacuum  Capacitors 

Electrodes  of  vacuum  capacitors 
are  coaxial  cyinders  or  bell-shaped 
plates  sealed  in  evacuated  glass 
envelopes,  with  leads  brought  out 
to  metal  end-cups.  Capacitive  edge 
effects  are  minimized  by  the  coaxial 
construction,  and,-  because  electro¬ 
static  field  strength  has  an  essen¬ 


tially  constant  value  at  all  points 
on  the  polished  surfaces,  a  uniform¬ 
ly  high  breakdown  voltage  is 
achieved.  Electrode  spacing  is  of 
the  order  of  0.06  in.,  height  of  the 
cylindrical  plate  being  less  than  an 
inch  in  a  typical  50-fifif  unit. 

Metal  must  be  a  type  that  will 
not  give  up  occluded  gases  and  thus 
reduce  the  high  vacuum.  Tantalum 
has  been  used  successfully  by  some 
manufacturers. 

Air  pressure  within  a  typical 
vacuum  capacitor  is  as  low  as  can 
be  obtained  by  pumping  alone — or 
less  than  one  micron  of  mercury. 
When  flashover  occurs,  the  plates, 
as  described  by  George  H.  Floyd, 
General  Electric  Co.,  have  a  tend¬ 


ency  to  clean  up,  rather  than  to 
corrode  or  become  pitted,  because 
of  the  extreme  scarcity  of  oxygen 
and  other  gases  within  the  envelope. 
Fixed  vacuum  capacitors  are  avail¬ 
able  in  sizes  ranging  from  3  to  250 
ixfd,  with  ratings  varying  from 
5,000  V  to  35,000  v  peak.  In  prac¬ 
tice,  these  ratings  are  extended 
wfiere  necessary  by  use  of  series- 
parallel  combinations,  forming  an 
unusually  compact  capacitor  bank 
for  very  high  voltages.  A  typical 
50-/i/if  unit  has  an  overall  length 
of  3-5/16  in.,  a  diameter  of  1-1  in., 
and  a  rating  of  7,500  v.  peak. 
Manufacturers  of  vacuum  capaci¬ 
tors  include:  Eitel-McCullough, 
General  Electric,  General  Elec¬ 
tronics,  and  Jennings  Radio  Mfg. 

Electrical  Characteristicc 

Breakdown  of  a  gaseous  dielectric 
does  not  occur  until  the  potential 
is  great  enough  to  cause  collision 
ionization.  The  breakdown  rating 
of  an  air  gap  within  a  glass  en¬ 
velope  decreases,  as  air  is  exhaust¬ 
ed,  until  a  certain  barometric  pres¬ 
sure  is  reached.  Down  to  this 
point,  the  mean  free  electron  path 
is  being  lengthened,  and  the  mobil¬ 
ity  of  gaseous  ions  is  increasing, 
aiding  ionization.*  After  this 
point,  further  exhaustion  of  air  re¬ 
sults  in  a  sharp  increase  of  dielec¬ 
tric  strength  because  ionization  is 
now  actually  hampered  by  a  scarci¬ 
ty  of  gas  molecules.  Sparking 
potential  then  depends  mostly  upon 
the  number  of  gas  particles  be¬ 
tween  the  plates*. 

Figure  1  gives  typical  voltage 
breakdown  curves  of  plane  elec¬ 
trodes,  spaced  at  1  and  2  cm,  at 
various  air  pressures.  Voltage 
breakdown  in  a  uniform  field  is 
actually  a  function  of  the  product 
of  gas  pressure  and  plate  spacing, 
as  given  by  Paschen’s  Law.  How¬ 
ever,  this  does  not  apply  accu- 
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Vacuum  Capacitors 


rately  at  very  low  or  at  very  high 
where  sparking  poten- 


pressures, 
tial  depends  to  a  considerable  ex¬ 
tent  on  surface  condition  and  ma¬ 
terial  of  the  electrodes.* 

Minimum  sparking-potential  for 
any  spacing  in  air  is  342  v.  In 
other  words,  for  any  given  electrode 
spacing,  (1  cm.,  for  example) 
breakdown  voltage  will  decrease  as 
air  pressure  is  reduced,  down  to  a 
certain  point. 


When  a  breakdown 
voltage  as  low  as  34^  is  reached; 
and  air  pressure  is  further  de¬ 
creased,  breakdown  voltage  will 
now  start  to  increase,  as  shown  in 
Fig.  1.  The  same  is  true  for  any 
electrode  spacing,  whether  it  be  1 
mm,  10  cm,  or  100  cm.  The  shape 
and  position  of  the  curve  for  dif¬ 
ferent  spacings  will,  of  course, 
vary,  but  the  lowest  point  of  any 
curve  will  be  exactly  342  v.,  where 
the  gas  between  electrodes  is  air. 
Minimum  sparking  potential  for 
other  gases  i^  not  identical  with 
that  of  air. 

Boiled  down  to  its  essential  fact, 
popular  theory  holds  that  a  gas  will 
ionize  most  readily  when  a  certain 
optimum  number  of  gas  molecules 
exists  between  the  electrodes.  When 
this  number  is  decreased,  electrons 
do  not  pass  from  one  electrode  to 
the  other  readily,  because  of  the 
scarcity  of  gas  particles  which 


Tank  circuit  utilizes  vacuum  capacitor  oi  Eitel-McCullough  design.  Internal 
construction  features  rigidity  for  the  maintenance  of  stable  capacitance  values 


break-down  gradients  can  be 
reached  with  short  electrode  spac¬ 
ings  and  low  atmospheric  pressures. 
Millikan  suceeded  in  obtaining 
breakdown  ratings  as  high  as  600,- 
000  V.  per  mm  in  high  vacuum. 
Air  at  normal  pressure  (76  cm  of 
mercury)  and  25  deg.  C  is  rated  at 
about  3,000  v.  per  mm.,  (Town¬ 
send)  assuming  a  uniform  electro¬ 
static  field.  Certain  grades  of  good 
mica,  3  mm  thick,  are  rated  at 
58,000  v.  per  mm.*  and  polymerized 
styrene  of  the  same  thickness,  about 
2,400  v.  per  mm. 

Altitude  Reduces  Breakdown  Voltage 

As  shown  in  Fig.  2,  flashover 
ratings  of  air  capacitors  decrease 
with  a  rise  in  altitude.  Also,  an  in¬ 
crease  of  humidity  causes  a  thin 
film  of  moisture  to  form  on  the 
plates  and  spacing  insulators  of  a 
typical  air  capacitor,  thus  appreci¬ 
ably  affecting  the  flash-over  voltage. 
This  humidity-voltage  variation 
may  be  as  much  as  7  percent  in 
practice.®  Corona  losses,  too,  be¬ 
come  an  important  consideration  as 
the  decreasing  breakdown  rating 
approaches  applied  voltage  in  an 


could  form  an  ionized  path.  On 
the  other  hand,  when  there  is  a 
large  number  of  molecules,  the  elec¬ 
trons  collide  too  frequently  with 
them,  losing  most  of  their  speed, 
and  thus  never  reaching  the  oppo¬ 
site  plate. 

Obviously,  from  Fig.  1,  very  high 


2  3  4  S67  10  2  3  4  567  10 

Air  Pressure  in  mm  of  Mercury 


FIG.  1.  Carrot  show  that  sparking  in  air 
t-idor  various  ptetsuros.  obout  porallel- 
platos.  alwoyt  trricos  pkxce  ott  342  v. 


FIG.  2.  Altitude-voltago  breakdown  curves 
for  vacuum  and  air  capacitors  demonstrate 
the  former's  advantage  for  tue  in  aircraft 
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aircraft  capacitor.  Absence  of  in¬ 
ternal  corona  and  stability  of  volt¬ 
age  ratings  make  vacuum  capaci¬ 
tors  well  suited  to  aircraft  applica¬ 
tions. 

Where  a  capacitor  has  a  solid 
dielectric  such  as  mica,  breakdown 
potential  varies  with  the  frequency 
of  applied  voltage,  temperature  of 
the  material,  moisture  present,  and 
thickness  of  dielectric.  Somewhat 
irregular  ratings  are  often  the  case 
at  higher  frequencies  because  of 
the  difficulty  about  placing  a  solid 
dielectric  in  perfect  contact  with 
the  plates — even  under  great  pres¬ 
sure.  Where  high  rf  potentials  are 
involved  and  where  a  small  lumped 
capacitance  is  required,  the  vacuum 
unit  is  more  satisfactory  than  most 
other  types  because  of  its  smaller 
size  and  more  stable  breakdown 
rating. 

Power  Lott  Faefort 

Dielectric  of  most  capacitors  has  and  there  is  also  some  insulator  vices  of  very  small  capacitance.  In 
a  dual  or  multiple  nature,  and  no  such  as  &  plastic  or  ceramic  mate-  vacuum  units,  the  glass  envelope 
solid  or  liquid  material  is  com-  rial  in  contact  with  the  leads.  The  acts  as  an  outer  dielectric,  but  the 
pletely  free  from  power  loss.  For  general  effect  of  this  outer  insulator  area  of  contact  with  the  end-cups 
example,  in  a  t3i)ical  mica  capacitor,  can  usually  be  disregarded,  except,  is  so  small,  and  the  dielectric  path 
there  is  mica  between  the  plates,  at  ultrahigh  frequencies  or  in  de-  so  long,  that  the  effects  of  the  glass 

are  negligible.  For  all  practical 
purposes,  the  high  vacuum  can  be 
considered  the  sole  dielectric,  and 
^  ~  - -  the  capacitor  has  an  exceptionally 

55  < - - - -  Q- 

1=  Power  losses  of  solid  and  liquid 

insulators  include  those  due  to 

_ i  insulation  resistance,  dielectric  ab- 

50 j"  ■  ■■  — - ■  - ^ ' — V  ■  -  - ^ - 1 

I  i  sorption,  and  hysteresis.  These 

}  I  losses  are  a  function  of  frequency, 

t  _ I  rising  sharply  at  very  short  wave- 

I  :  ^  I  lengths.  Loss  factor  is  probably 

i  j  '  1  criterion  of  the  efficiency 

•E  j _ _ . _ _ I  of  a  capacitor,  and  can  be  found 

^  ^  I  by  multiplying  the  dielectric  con- 

i  1  I  y/  i  stant  by  the  power  factor.  Phase 

i  _  /  _____  _  displacement  due  to  the  glass  and 

I  j  *  high  vacuum  dielectrics  of  a 

-g  y  •  j  j  vacuum  capacitor  is  obviously  very 

■|  /  slight,  resulting  in  a  low  loss  angle 

«o  f  '  I  and  a  correspondingly-low  loss 

I  /  factor.  Resistance  of  the  plates 

and  leads,  skin  effect,  and  eddy 
currents  are  other  minor  sources  of 
power  loss,  but  dielectric  absorption 
and  hysteresis  losses  in  this  kind 
100  150  200  250  300  350  400  |  of  capacitor  are  approximately  nil. 

There  is,  then,  an  extremely  high 
ratio  qf  susceptance  to  conductance, 
because  of  low  dielectric  loss.  The 
only  other  possibility  of  power  loss 
would  be  a  conduction  current  of 
an ,  ionic  character  through  the 


Prvuurized,  gas-iilled  capacitors  made 
by  E.  F.  Johnson  Co.  follow  a  basic 
design.  Fixed  and  xariable  units  both 
hoTo  copper-plated,  drawn-steel  shells 
in  6-in.  diom.  Miter-gear  drixe  serres 
on  Tarioble  rersion  shown  here 


Disposition  of  internal  elements  is  here 
illustrated  for  on  early  Johnson  pres¬ 
sure  capacitor.  This  type  is  described 
u  partially  Toriabie.  Diameter  Is  10  in. 
and  the  shell  is  thick-walled,  seamless, 
and  heorily  copper  plated 
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FIG.  3.  Rise  in  breakdown  potential  with  pressure  increase  in  this  curre 
leevhs  from  greoter  opportunities  for  collision  between  a  troreiling  electron 
oad  nitrogen  moleciiles  os  more  of  them  occupy  a  gleen  space.  This  inhibits 

ionisation 
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of  temperature  coefficients  prevents 
change  of  capacitance  with  temper¬ 
ature.  ’  Rugged,  cylindrical-plate 
construction  also  leads  to  more 
stable  values  than  those  of  clamped, 
parallel-plate,  air  units.  These  are 
usually  subject  to  stresses  in  the 
insulating  supports  due  to  vibra¬ 
tion,  aging,  or  bending  of  plates. 

Geometric  capacitance  is  not 
identical  with  effective  capacitance 
— the  value  actually  used  in  prac¬ 
tice.  For  example,  equivalent 
series  capacitance  of  an  air, 
vacuum,  or  pressure  unit  is  given 
by  the  equation 


Fluctuation  of  permittivity  is  not 
the  only  cause  of  frequency  varia¬ 
tion  of  capacitance,  however.  For 
example,  ts^pical  variable  air  capaci¬ 
tors  are  relatively  stable,  but  their 
capacitance  is  likely  to  be  affected 
somewhat  by  atmdspheric  moisture, 
temperature  change,  age  and  vibra¬ 
tion.  The  dielectric  constant  of 
dry  air  at  normal  pressure  is  about 
1.000558,*  and  that  of  water,  about 
85.  Thus,  a  slight  increase  of 
humidity  will  raise  the  capacitance 
of  such  a  unit.  The  dielectric  con¬ 
stant  of  the  vacuum  capacitor  is 
probably  very  close  to*  1,  and  is  ma¬ 
terially  unaffected  by  external 
factors. 


•  1-LC«* 

where  C  is  total  geometric  capaci¬ 
tance,  L  is  inductance  of  the  plates 
and  leads,  and  w  =  2iif.  From  this 
it  can  be  seen  that  plates  and  leads 
of  the  capacitor  cause  a  rise  in  ef¬ 
fective  capacitance  with  increasing 
frequency.  A  good  quality  variable 
(Continued  on  page  320) 


Mechanical  Strnctnre 


Certain  types  of  vacuum  capaci¬ 
tors  are  designed  so  that  thermal 
expansion  of  the  boro-silicate  glass 
is  the  same  as  that  of  the  metal 
end-cups  which  are  iron-nickel- 
cobalt  alloy.  This  careful  matching 
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Freqnency  Affects  Capacitance 

At  frequencies  below  about  50 
Me,  the  capacitance  of  any  unit 
(neglecting  edge  effects)  depends 
solely  upon  the  type  of  dielectric, 
the  effective  surface  area  of  the 
plates,  and  the  spacing  between 
them.  However,  the  permittivity 
of  practically  all  insulators  varies 
somewhat  when  a  voltage  of  very 
high  frequency  is  applied.  This 
variation  may  be  the  result  of  a 
change  in  volume  of  the  insulator 
due  to  electrostriction  or  electro¬ 
static  heating,  evaporation  of  ad- 
so  bed  moisture,  or  possibly  other 
faitors.*  The  only  exceptions  are 
a  few  types  of  solid  materials,  such 
as  polymerized  styrene,  whose  di- 
el  ctric  constant  is  virtually  inde- 
P*  adent  of  frequency  over  a  wide 
ra  ige. 


10.000 


3.000 


Rslatioiishlps  between  ament.  Toltage.  and  frequency  for  SOAUtf  Tacuura 
capacftore  of  tbe  types  in  an  accompanying  illustration  ore  established  for 
reference  on  this  nomogroph.  Straight  line  passing  through  any  two  faaors 
roTsals  the  third 
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Beam  Blanking 


A  three-tube  electronic  unit 
permits  photographing  a  com¬ 
plete  transient  trace  on  a  cath¬ 
ode-ray  oscilloscope  screen 
with  high  detail  and  no  fog¬ 
ging.  Arrival  of  transient  trips 
a  trigger  circuit,  releasing  the 
blanked  beam,  and  provides  a 
dotted  “Z”  timing  wave 


Allis-Chalmera  Manufacturing  C». 
Milwaukee,  Wise. 


only  one,  we  permit  five  sweeps, 
with  the  rate  of  sweep  adjusted 
to  such  a  value  that  one  sweep 
will  take  place  in  a  time  equal  to 
one-fifth  of  the  time  of  the  tran¬ 
sient,  or  in  other  words,  the  time 
of  five  sweeps  will  equal  the  dura¬ 
tion  of  the  transient.  The  oscillo¬ 
gram  will  then  consist  of  five 
branches,  each  one  representing 
one-fifth  of  the  transient. 

An  example  of  a  transient  as  it 
would  appear  with  a  single  sweep 
appears  in  Fig.  1(a),  while  Fig. 
1  (b)  shows  this  same  transient 
spread  over  five  sweeps.  Corre¬ 
sponding  segments  in  the  two 
traces  are  similarly  marked. 

With  the  number  of  sweeps  lim¬ 
ited  to  a  reasonable  value,  such  as 
5,  there  is  usually  no  difficulty  in 
piecing  the  individual  branches 
properly  to  each  other  since  the 
displacement  from  the  zero  line 
and  the  slope  must  be  the  same  at 
the  right  and  left  hand  edges  of 
the  oscillogram.  The  piecing  to¬ 
gether  of  the  segments  may  be 
further  facilitated  by  having 
enough  brilliancy  so  that  the  re¬ 
turn  sweep  produces  a  faint  trace 
which  then  connects  the  proper 
branches  with  each  other.  It  is 


Rear  Tiew  of  a  commercial  cathode-ray  oscilloscope  in  which  the  beam¬ 
blanking  circuit  has  been  incorporated 


First,  even  with  the  beam  biased 
so  as  not  to  strike  the  screen,  there 
are  scattered  electrons  striking  the 
screen,  leading  to  a  reasonably 
strong  background  illumination.  If 
for  any  reason  the  camera  shutter 
has  to  be  opened  an  appreciable 
time  before  the  expected  transient 
begins,  an  undesirable  amount  of 
fogging  of  the  film  takes  place. 

Secondly,  if  it  is  desired  to  ob¬ 
tain  a  picture  of  the  complete 
transient,  then  it  is  of  course  neces¬ 
sary  to  adjust  the  rate  of  the 
single  sweep  to  such  a  value  that 
the  time  taken  by  one  sweep  is 
equal  to  the'  total  time  of  the 
transient.  The  resulting  oscillogram 
can  therefore  not  be  any  longer 
than  a  single  sweep.  It  is  quite 
obvious  that  considerable  detail  of 
the  transient  may  become  lost  in 
the  picture  due  to  the  need  of 
compressing  it  into  a  single  sweep. 

“Suppose  now  that  instead  of 


Most  modem  cathode-ray 
tubes  are  provided  with  a 
grid  by  means  of  which  it  is  pos¬ 
sible  to  interrupt  the  electron  beam 
producing  the  spot  on  the  screen. 
Commercial  oscilloscopes  contain¬ 
ing  these  tubes  are  provided  with 
a  control  which  applies  a  negative 
voltage  to  this  control  grid  and 
makes  it  possible  to  interrupt  the 
beam  at  will. 

For  the  photography  of  tran¬ 
sients,  some  of  the  instruments 
provide  a  so-called  “single-sweep” 
feature.  When  the  single-sweep  cir¬ 
cuit  is  put  into  operation,  the  beam 
is  biased  sufficiently  so  that  the 
spot  does  not  appear  on  the  screen, 
but  the  starting  of  the  transient 
or  any  desired  tripping  impulse 
is  used  to  sweep  the  spot  across 
the  screen  just  once.  This  is  a 
highly  desirable  addition,  but  there 
are  two  points  which  prove  to  be 
somewhat  undesirable. 
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Complete  beam-blonking  equipment  built  as  a  separate  unit  ior  use  with  any  oscilloscope 


evident  that  such  a  picture  will 
reveal  finer  detail  of  the  transient. 

Film-Fogging  Problem 

It  is  entirely  feasible  to  obtain 
this  result  by  designing  an  elec¬ 
tronic  circuit  that  will  make  the 
sweep  repeat  itself  for  a  definite 
number  of  cycles,  but  this  still  does 
not  remove  the  possibility  of  fog¬ 
ging.  Therefore  a  more  desirable 
solution  would  be  one  in  which  the 
sweep  operates  continuously,  and 
the  beam  is  released  only  for  the 
desired  exposure.  In  principle,  this 
is  a  rather  simple  procedure;  all 
one  has  to  do  is  to  keep  the  grid 
of  the  cathode-ray  tube  sufficiently 
negative  to  cause  cut-off  of  the 
beam,  and  reduce  this  negative  bias 
to  the  proper  value  for  the  time  of 
exposure. 

From  a  practical  point  of  view, 
h  iwever,  there  is  a  serious  handi¬ 
cap  standing  in  the  way  of  an  easy 
solution,  due  to  the  following  con¬ 
dition:  when  operating  a  cathode- 
ray  tube,  the  average  potential 
of  the  deflection  plates  should  be 
n  ‘ar  the  anode  potential.  This  con¬ 
dition  is  ordinarily  met  by  placing 
the’ anode  of  the  cathode-ray  tube 
at  or  near  ground  potential,  which 
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in  turn  places  the  cathode  at  a  neg¬ 
ative  potential  amounting  to  a 
thousand  volts  or  more  with  respect 
to  ground.  Since  the  grid  must  be 
made  negative  with  respect  to  the 
cathode,  this  means  that  the  oper¬ 
ating  potential  of  the  grid  is  also 
one  to  several  thousand  volts  nega¬ 
tive  with  respect  to  ground. 

Insulating  Problems 

With  this  in  mind,  it  is  clear  that 
the  problem  of  shifting  the  grid 
potential  with  respect  to  the  cath¬ 
ode  by  100  volts  or  so  is  not  too 
easy.  One  could  install  a  relay,  the 
coil  of  which  would  be  insulated 
sufficiently  from  the  contact  struc¬ 
ture  and  by  means  of  which  the 
grid  voltage  could  be  shifted  from 
one  value  to  another,  but  any  me¬ 
chanical  device  of  this  nature  with 
its  mechanical  and  electrical  inertia 
and  the  possibility  of  bouncing  con¬ 
tacts  is  practically  ruled  out. 

The  circuit  described  in  the  fol¬ 
lowing  paragraphs  is  nothing  but 
a  trigger  circuit  which  can  be 
tripped  by  an  impulse  transmitted 
through  a  capacitor  to  the  proper 
point  in  the  circuit.  The  whole  trig¬ 
ger  circuit  and  its^^wer  supply  is 
insulated  from*Jfr«lund  for  a  voltage 


equal  to  the  operating  voltage  of 
the  cathode-ray  tube.  The  com¬ 
ponents  are  mounted  on  an  insulat¬ 
ing  panel  or  on  a  steel  chassis  which 
in  turn  is  insulated  from  its  housing 
or  from  the  chassis  of  the  oscillo¬ 
scope. 

The  only  special  component 
needed  is  a  power  transformer  for 
the  trigger  circuit,  the  primary 
winding  of  which  is  insulated  from 
the  core  and  the  other  windings 
for  a  voltage  equal  to  the  operating 
voltage  of  the  cathode-ray  tube.  If 
such  a  transformer  is  not  available, 
a  1:1  insulating  transformer  may 
be  employed  which  permits  the  use 
of  any  standard  small  power  trans¬ 
former  for  the  trigger  circuit. 

Provisions  are  also  made  to  apply 
a  dotting  or  “Z”  signal  to  the  grid 
of  the  cathode-ray  tube.  The  cir¬ 
cuit  is  so  arranged  that  dotting  and 
tripping  do  not  interfere  with  each 
other. 

Operation  of  Trigger  Circuit 

Figure  2  shows  the  diagram  of 
the  complete  circuit.  The  tripping 
circuit  consists  of  a  double  triode, 
FT,,  which  with  its  associated  re¬ 
sistors  R,,  and  R,',  R/  and  R' 
forms  a  trigger  circuit.  When  one 


^  f 


section  of  the  tube  is  conducting, 
the  other  section  is  automatically 
biased  to  cut-off.  Consequently, 
either  one  or  the  other  section  is 
conducting,  but  never  both  at  the 
same  time.  An  impulse  transmitted 
to, the  grid  of  one  section,  in  such 
a  direction  as  to  change  the  state 
in  which  it  is  at  that  instant,  will 
therefore  cause  the  circuit  to  go 
from  one  condition  to  the  other. 

One  of  the  sections  of  VTi,  desig¬ 
nated  as  a,  performs  the  desired 
control  action  on  the  grid  of  the 
cathode-ray  tube.  This  is  accom¬ 
plished  in  the  following  manner: 
when  left-hand  section  a  is  non¬ 
conducting,  the  drop  across  the 
plate  resistor  Ri  is  small,  since  the 


only  current  flow  through  it  is 
due  to  the  current  flowing  through 
the  high  resistances  Rt  and  R^. 
Point  A  will  therefore  be  only  a  few 
volts  negative  with  respect  to  the 
positive  end  of  the  power  supply. 
The  cathode  of  one  section  of  the 
double  diode  VT,  is  connected  to 
point  A.  The  anode  of  this  section 
is  connected  through  resistor  i2«  to 
point  D  on  potential  divider  R„ 
which  is  adjusted  so  that  D  is  neg¬ 
ative  with  respect  to  point  A  as 
long  as  tube  section  a  is  non-con¬ 
ducting.  Consequently,  no  current 
flows  through  R„  and  the  potential 
of  the  grid  of  the  cathode-ray  tube 
with  respect  to  the  cathode  is  simp¬ 
ly  determined  by  the  position  of  the 


arm  on  R^.  This  permits  manua. 
adjustment  of  the  grid  voltage  oi 
the  cathode-ray  tube  to  give  any  de* 
sired  brilliancy,  or  to  blank  the 
beam  if  so  desired. 

If  section  a  of  VTi  is  made  con¬ 
ducting,  however,  the  plate  current 
will  cause  a  large  voltage  drop 
across  the  plate  resistor  Ri.  This 
makes  point  A  negative  with  re¬ 
spect  to  point  D,  and  consequently 
there  will  be  a  flow  of  current  estab¬ 
lished  through  the  right-hand  sec-  | 
tion  of  double  diode  VTt.  Current 
flow  is  in  the  direction  from  point 
D  through  the  diode  to  point  ’  A 
and  is  therefore  such  as  to  increase 
the  grid  bias  of  the  cathode-ray 
tube  over  and  above  any  value  to 
which  it  may  have  been  adjusted  by 
the  slider  of  i?*.  Consequently,  by 
triggering  the  double  triode  from 
one  condition  to  the  other,  a  release 
or  blanking  of  the  beam  may  be 
obtained.  The  tripping  impulse  may 
be  administered  to  the  grid  of 
either  section.  A  negative  impulse 
administered  to  the  grid  of  section 
a,  or  a  positive  impulse  adminis¬ 
tered  to  the  grid  of  section  b  will 
make  section  a  nonconducting  and 
thus  release  the  beam.  Impulses  of 
the  opposite  polarity  will  corre¬ 
spondingly  blank  the  beam  again. 

PredaetioR  of  DettiRg  SigRol 

The  left-hand  section  of  the 
double  diode  is  used  to  provide  the 
“Z”  or  dotting  signal.  It  is  seen 
that  the  application  of  the  proper 
type  of  signal  (preferably  of  a 
square-wave  shape  in  order  to  avoid 
defocussing  during  the  duration  of 
the  dot)  through  blocking  capacitor 
Cl  causes  an  alternating  current  to 
flow  through  resistor  R,  which 
(during  its  negative  half-wave) 
will  cause  a  current  flow  through 
the  left-hand  section  of  the  double 
diode,  thus  periodically  biasing  the 
grid  of  the  cathode-ray  tube. 

It  should  be  noted  that  blanking 
and  releasing  require  only  an  im¬ 
pulse  and  not  the  maintaining  of 
a  certain  voltage  during  the  time 
that  the  beam  is  to  be  released.  1 

The  complete  equipment  can  be 
made  as  a  separate  device  which 
can  be  used  with  any  oscilloscope  on 
which  the  cathode  and  grid  ter¬ 
minals  have  been  brought  out,  or 
can  be  permanently  incorporated  in 
one  of  the  oscilloscopes  available  on 
the  market. 


FIG.  2 — ComplRt*  bRom-blcmking  circuit,  with  pow*r  lupply  ond  prorl- 
ilons  for  applying  a  dotted  'T*  timing  Toltago  to  the  cathodo-ray  tub# 


130 


September  1944  —  ELECTRONICS 


Mon'tfor--*^ 


REMOTE  MONITOR 

for  Directional  Broadcasting 


Direct  measurement  of  the  null  point  in  the  radiation 
pattern  from  a  directional  antenna  system  is  accom¬ 
plished  with  a  modified  receiver  which  gives  a  con¬ 
tinuous  microammeter  reading  at  the  transmitter 


Loop 

anfenna 


Transmitter  Supervisor 
Station  KMPC 
north  Hollywood,  Calif. 


importance,  the  strength  of  the 
signal  radiated  in  the  minimum 
signal  or  null-point  direction. 

.  A  means  of  checking  signal  in¬ 
tensity  directly  provides  an  indi¬ 
cation  of  the  signal  radiated 
toward  the  channel-sharing  sta¬ 
tion  with  which  interference  must 
be  avoided. 


Greater  use  of  directional  an¬ 
tenna  systems  by  broadcast 
stations  has  increased  the  impor- 
ance  of  means  for  measuring  and 
keeping  a  check  on  the  radiation 
patterns. 

Instruments  for  indicating 


Phone  line  to 
fransmiffer 


Moxmted  on  a  pole,  the  remote  monitor¬ 
ing  unit  receiree  a  signal  from  the  an¬ 
tenna  array  to  the  right  of  the  i>ole  in 
the  background  ond  IVi  miles  away. 
Receiyer  diode  current  goes  back  to  the 
transmitter  by  phone  line 


-Shielftee 


power  to  be  installed  before  the 
war.  Operating  on  710  kc,  KMPC 
shares  the  channel  with  KIRO, 
Seattle,  Wash.,  960  miles  away. 

At  a  distance  of  miles  from 
the  three  300  ft  towers  which 
make  up  the  directional  array,  a 
simple  type  of  monitoring  receiver 
is  installed  on  a  25  ft  pole,  sur¬ 
mounted  by  a  loop  antenna.  The 
receiver  operates  continuously, 
energized  from  a  115-v  line  on  the 
pole.  The  dc  developed  in  the 
diode  detector  of  the  receiver  is 
sent  over  a  telephone  line  back  to 
the  transmitter,  where  it  actuates 
a  microammeter  on  the  operator’s 
console. 

Steady  deflection  of  this  meter 
affords  a  constant  and  directly 

{Continued  on  page  270) 


headphones 


Gain  control 


Line  to  ' 
transmitter 


Circuit  of  th*  rsmot*  monitor.  Tho  30-ohm  rhoostot  in  tho  powor-transfonnor 
primary  drcuit  roducos  tho  lino  Tollago  to  oxtond  sorTico  Hio 
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SiNGLE-iNDUCTOto 


Advantages  over  tuned  interstage  transformers  in  wide-band  r-f  and  video  amplifiers  aie| 
discussed,  performance  is  analyzed,  expressions  are  set  up  for  total  voltage  gain,  band¬ 
width  and  skirt  steepness  ratio,  and  design  curves  are  given  for  band  widths  up  to  5  Mel 


By  C.  T.  McCOMB  and  A.  P.  GREEN 


Naval  Research  Laboratory 
Washington,  D.  C. 


OF  THE  MANY  METHODS  of 
coupling  between  stages  of 
tuned  amplifiers,  probably  the 
simplest  is  the  common  single¬ 
inductor  coupling  network.  While 
the  single  inductor  does  not  possess 
the  versatility  of  the  tuned  trans¬ 


former  or  of  other  more  elaborate 
coupling  networks,  neither  does  it 
entail  the  complexity  of  design, 
manufacture,  and  alignment  of 
other  types  of  coupling. 

Consideration  of  the  characteris¬ 
tics  of  the  single-inductor  coupling 


network  is  made  under  conditions 
where  the  center  frequency  and 
bandwidth  requirements  are  such 
that  the  single  inductor  exhibits  its 
most  useful  features.  The  scope  of 
application  for  this  treatment  of 
the  single  inductor  is  limited  by 
only  a  few  basic  restrictions.  In 
Fig.  1  is  shown  a  schematic  circuit 
for  use  of  the  single  inductor  in  a 
coupling  network.  Variations  of 
this  circuit  are  of  course  possible, 
but  they  will  not  change  the  basic 
behavior  of  the  network. 

Figure  2  gives  the  fundamental 
equivalent  network  involving  the 
inductor.  The  output  capacitance 
of  the  preceding  tube,  the  input 
capacitance  of  the  following  tube, 
and  the  distributed  capacitance  of 
the  inductor  and  circuit  are  con¬ 
sidered  as  a  single  shunt  capacitor 
with  respect  to  the  inductor  in  the 
equivalent  circuit. 

In  the  analysis  of  the  network,  it 


FIG.  1 — Circuit  using  single  inductor  L 
in  coupling  network 


FIG.  2 — Equivalent  circuit  of  amplifier 
stage  using  a  single-inductor  coupling 
network 
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is  assumed  as  a  first  restriction  that 
the  inductor  has  a  sufficiently  high 
Q  so  that  its  effective  inherent 
shunt  resistance  is  large  compared 
to  the  size  of  the  damping  resistor 
used  in  the  coupling  network.  As 
a  second  restriction,  the  plate  re¬ 
sistance  of  the  preceding  tube  is- 
also  considered  to  be  very  large 
compared  to  the  damping  resistor. 
The  first  restriction  is  merely  for 
the  purpose  of  analysis  so  that  the 
damping  action  in  the  network  can 
be  considered  as  being  due  solely  to 
a  lumped  shunt  resistor.  The  sec¬ 
ond  restriction  limits  the  use  of 
this  analysis  to  those  applications 
where  the  bandwidth  requirements 
are  such  that  the  necessary  damp¬ 
ing  resistor  will  be  small  compared 
to  the  effective  plate  resistance  of 
the  tube.  This  last  condition  does 
not  place  a  severe  limitation  on 
the  usefulness  of  this  work,  be¬ 
cause  the  great  majority  of  all 
video  modulation  applications  will 
fall  within  this  range. 

Total  Voltage  Gain  for  N  Stages 

An  examination  of  the  equivalent 
network  of  Fig.  2  shows  that  the 
voltage  gain  for  a  single  stage  is 
given  by  the  expression 

IT  n  QmRpZ  ,,  ... 


Co  -Rp  "h  Z 

With  the  above-discussed  second 
restriction  that  R  is  small  com¬ 


pared  to  Rp,  and  since  Z  can  never 
be  greater  than  R,  then  for  this 
treatment  Z  will  be  small  compared 
to  Rp  and  we  will  have  for  one 
stage  of  amplification 

V.G.  =  e,/eo  (1.11) 

For  N  identical  stages,  as  in  Fig.  3, 
the  total  gain  at  any  frequency, 
Tf,  will  be 

r/  =  (1.20) 

From  the  equivalent  circuit,  Z  can 
be  expressed  by 

Z  = - 1 - 

(1-30) 


It  IS  apparent  that  Z  is  a  maximum 
and  equals  R  when  a>C  =  l/wL.  If 
we  let  0)  =  (Do  when  Z  =  R  (at 
resonance),  then  <d„C  =  1/(d„L  or  L 
=  l/(Do*C,  we  have 
Z _ 1 

^  ^  ^  (1-31) 

and  the  total  gain  will  be 
r,  -  (y«z)^ 

At  resonance, 

r/.  =  (ff««)"  (1.22 


01 
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Freguency  f  in  Relative  Units 


Ut  singe  - c 


- 2  nd  Stage  — 


-  -  N  th  Stage- -•*H 


FIG.  3 — Use  oi  single-inductor  coupling 
networks  (represented  by  equivalent 
impedance  Z)  in  N  identical  stages 


FIG.  4 — Voltage  response  characteristic 
oi  an  ompliiier  stage  using  a  single¬ 
inductor  coupling  network,  showing 
signiiicance  oi  bond  width  ior  any  spe- 
ciiic  value  oi  relative  voltage  response 
oii  the  resonant  irequency 
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We  can  now  advantageously  ex¬ 
press  the  total  voltage  gain  at  any 
frequency  as  a  fraction,  a,  of  the 
total  voltage  gain  at  resonance, 
thus: 

r,  -  aTj,  -  (1.23) 

With  this  expression  for  the  total 
voltage  gain  at  any  frequency  ex¬ 
pressed  as  a  function  of  some  of  the 
known  constants  of  the  network 
and  the  determinable  factor,  a,  we 
have  a  useful  means  for  predicting 
the  behavior  of  any  single-inductor 
type  tuned  amplifier. 


Ganaral  Baadwidih  for  N  Stag** 

Since  the  total  gain  and  the  band¬ 
width  are  the  two  basic  require¬ 
ments  for  any  tuned  amplifier,  it  is 
necessary  that  an  expression  be  ob¬ 
tained  relating  these  quantities  to 
the  known  constants  of  the  net¬ 
work. 

From  Eq.  (1.21)  and  (1.23)  for 
total  voltage  gain, 
r,  -  a  R)" 


(2.10) 


We  are  interested  only  in  the 
magnitude  of  the  impedance  at  any 
frequency  so  we  may  reduce  the 
complex  expression  on  the  right  to 
a  real  number  and  cancel  out  gj’, 
thus 


oRff 


-  1  -lAT  /I 


(2.20) 


Taking  the  N/Zth  root  of  the  ex¬ 
pression,  we  have 

1 


t^fNRi 


uC 


(2.21) 


Rearranging  terms  results  in  the 
relation 


(w*  —  wo*)* 


and  since  w  =  2it/  we  can  write 

/*(l_a*/JV) 


(2.22) 


(/*-/o»)* 


4T*a»/Wfi*C* 


then 


/Vl  -  a*/# 


(2.23) 


(2.24) 


2wa'>f^RC 

From  Fig.  4  it  is  seen  that  for 
any  relative  voltage  response,  a, 
there  are  two  values  of  /.  These 
frequencies  will  be  designated  /i 
and  /•;  since  they  must  be  positive 
real  numbers,  we  have  for  the  solu¬ 
tions  of  Eq.  (2.24) 

/tVl  -  o*/^ 


(2^) 


and 

-  ft  VF- 

Eliminating  /« from  the  above  equa¬ 
tions  and  using  the  notation  for 
general  bandwidth.  A/  =  /,  — /i,  we 
have 

A)  (2.27) 


Then,  since  /,*  —  f*  = 

(/.  -  A), 


A/ 


Vl  -«*'^ 

2xa»/^RC 


(A  +  A) 


(2.30) 


For  convenience  of  analysis,  this 
expression  for  general  bandwidth 
can  be  given  most  simply  as* 


A/ 


2xRC 


(2.31) 


This  relationship  shows  the  func¬ 
tional  variation  of  the  bandwidth 
of  the  amplifier  with  respect  to  the 
circuit  constants  and  the  relative 
voltage  response  ratio  at  which  the 
bandwidth  is  considered.  It  shows 
that  if  R  and  C  are  fixed,  both  the 
bandwidth  at  any  given  relative  re¬ 
sponse,  a,  and  the  total  voltage  gain 
(since  =  a(PmR)*)  will  remain 
constant  regardless  of  the  value  of 
the  inductance,  L,  employed.  Thus 
it  is  seen  that  any  inductance  vari¬ 
ation  will  change  only  the  resonant 
frequency  and  will  have  no  effect  on 
the  bandwidth  or  total  gain. 

An  important  relationship  exists 
between  the  high  and  low  fre¬ 


quencies,  A  and  Ai  for  any  relative 
response,  a,  and  the  resonant  fre¬ 
quency,  /o,  of  the  coupling  network. 
Dividing  Eq.  (2.25)  by  (2.26),  we 
obtain 


.  /«»-/**_  _A 

/i*-/.*  A 


Solving  this  for  A*  gives  i 

A*  =  fji  (3.11) 

This  establishes  the  well-known 
formulation  that  the  resonant  fre¬ 
quency  is  the  geometric  mean  of  the 
high  and  low  response  frequencies 
at  any  relative  response  of  the  am¬ 
plifier.  It  follows  that  the  response 
of  an  amplifier  is  thus  geometric 
with  respect  to  its  resonant  fre¬ 
quency,  and  a  linear  frequency  plot 
of  the  amplifier  characteristic  will 
appear  asymmetrical.  For  this  rea- 
«on  a  logarithmic  frequency  scale  is 
usually  employed  so  that  the  char¬ 
acteristic  will  appear  symmetrical. 


Skirt  Steepness  Ratio 

An  interesting  characteristic  of 
the  behavior  of  N  stages  of  a  single¬ 
inductor  coupling  network  can  be 
drawm  from  a  consideration  of  the 
expression  in  Eq.  (2.31)  for  AA 
The  quality  of  an  amplifier  is  par¬ 
tially  determined  by  its  response  to 
near  signals  relative  to  its  desired 
bandwidth  response.  This  charac¬ 
teristic  is  important  in  the  signal- 
to-noise  ratio  of  the  amplifier  since 
the  total  area  under  the  response 
curve  contributes  to  noise  energy, 


FIG.  5 — Skirt  ■tMpoMs  ratio  toIuoi  and  rosponao  choractoriatics  ior  ompli- 
flara  haring  diiiaront  numbora  of  idontical  atagoa  uaing  ainglo-inductor  coupling 


134 


Sapfemher  1944  —  ELECTRONICS 


tained  in  the  consideration  of  gen¬ 
eral  b^dwidth  in  Eq.  (2.20),  gives 
us  immediately  the  form  of  the  so¬ 
lution.  We  see  that  a  in  Eq.  (2.20) 
will  be  replaced  by  fiK  Using  the 
notation  to  indicate  the  band¬ 
width  with  respect  to  the  power  re¬ 
sponse  curve,  we  have 


of  area  equal  to  its  total  integrated 
power  response.  In  order  to  apply 
this  definition  it  is  necessary  to 
treat  the  power  gain  of  N  stages. 
This  is  proportional  to  the  square 
of  the  total  voltage  gain.  From  Eq. 
(1.22)  for  Tr.  we  can  write  for  the 
power  gain  at  resonance: 

Total  power  gain  at/»  =  P/,  =  KT/,* 

-  K  (6.10) 

where  K  is  the  impedance  propor¬ 
tionality  constant  for  the  particular 
general  circuit  under  consideration. 
From  this  we  have,  in  a  manner 
similar  to  Eq.  (1.23), 

Total  power  gain  at  /  =  P/  =  PP/, 

-  K  (6.11) 


while  only  an  area  proportional  to 
the  signal  bandwidth  contributes  to 
the  signal  energy.  This  degree  of 
quality  is  expressed  as  a  factor, 
skirt  steepness  S,  which  is  defined 
as  the  ratio  of  the  bandwidth  at 
—60  db  response  to  the  bandwidth 
at  —6  db  response.  This  ratio  is 
seen  to  be  an  inverse  index  of  the 
quality  of  rejection  of  the  ampli¬ 
fier  in  that  as  the  ratio  becomes 
smaller,  the  response  to  near  sig¬ 
nals  will  be  less.  From  Eq.  2.31  for 
A/  and  since  for  —60  db  response 

*  =  0.001  and  for  —  6  db  response 

*  =  0.5,  we  have 


^  (6.30) 

“  2rRC 

This  equation  now  gives  the 
necessary  expression  for  complet¬ 
ing  the  evaluation  of  the  defined  ef¬ 
fective  bandwidth.  We  may  now 
write  the  defining  integral  for  the 
total  area  under  the  power  response 
curve.  We  shall  take  the  equation 
for  A/p,  which  is  the  expressed 
bandwidth  at  any  relative  response 
P„  and  integrate  with  respect  to 
dPf  over  the  range  of  zero  to  Pf, 
which  is  the  maximum  power  re¬ 
sponse.  This  will  give  the  total 
area  under  the  curve,  an  example  of 
which  is  given  in  Fig.  6. 


(0.001)*^^ 


*(0.6)*'J^  ^ 

It  is  seen  from  this  expression 
that  the  skirt  steepness  is  depend¬ 
ent  only  upon  the  number  of  stages 
and  not  upon  any  of  the  other  char¬ 
acteristics  of  the  amplifier.  The 
ratio,  S,  for  amplifiers  of  from  one 
through  eight  stages  is  given  in 
Fig.  6,  along  with  representative 
response  characteristics  of  ampli¬ 
fiers  with  different  numbers  of 
stages.  A  logarithmic  frequency 
scale  is  used  as  discussed  above  in 
order  to  obtain  symmetrical  curves. 

The  three  response  characteristics 
presented  are  all  down  6  db  at  a 
bandwidth  of  2  Me  with  a  center 
frequency  of  30  Me.  The  difference 
between  the  characteristics  is  due 
to  the  number  of  stages  used  in 
each. 

It  is  seen  that  a  very  great  im¬ 
provement  in  skirt  steepness  is  ob¬ 
tained  in  going  from  one  stage  to 
any  greater  number  of  stages.  The 
much  more  desirable  characteristic 
shape  of  the  response  of  six  stages 
compared  to  that  of  two  stages  is 
also  evident  from  the  curves.  This 
decided  increase  in  the  rejection  of 
near  signals  is  so  pronounced  that 
in  many  applications  the  use  of  ad¬ 
ditional  stages  wiU  be  justified  even 
though  the  required  total  gain  could 
be  obtained  with  a  fewer  number  of 
stages. 

Effective  laedwidth  for  N  Stages 

The  effective  bandwidth  of  a  re¬ 
sonant  response  characteristic  is 
defined  as  the  bandwidth  of  an  as¬ 
sumed  rectangular  response  of 
height  equal  to  the  response  of  the  Comparison  of  this  form  of  the 
particular  network  at  resonance  and  equation  with  the  similar  form  ob- 


Area  under  power  curve  =  J  ^fpdP/ 

(6.40) 

Applying  the  definition  for  effective 
bandwidth  and  noting  it  as  A,„  we 
can  write 

^P/» 

I  NrdP, 


Frequency  f  A  Releftve  Unite 


FIG.  6 — Example  of  power  response 
characleristic.  the  area  oi  which  is 
utilised  in  determining  the  efiective 
bandwidth  of  a  stage  tuing  a  single- 
indnetor  coupling  network 


(6.60) 

Using  Eq.  (5.10),  (5.11),  and 

(5.30),  we  can  substitute  in  Eq. 
(5.50)  as  follows: 


where  /8  is  the  fractional  power  re¬ 
sponse  factor  of  the  total  power 
gain  at  resonance.  It  is  seen  that 
is  the  factor  corresponding  to  a  in 
Eq.  (1.23)  for  voltage  response. 

Since  we  are  interested  in  obtain¬ 
ing  a  relationship  in  terms  of  the 
maximum  power  response  and  the 
bandwidth,  we  can  write 


d[Kp{g,Jt)^] 


2xRC 


A/. 

(6.61) 

Noting  in  Eq.  (5.51)  that  the  vari¬ 
able  of  relative  response  is  p,  we 
can  perform  the  indicated  differen¬ 
tiation,  simplify  the  expression, 
and  evaluate  the  new  limits  of  in¬ 
tegration  for  p.  This  gives 


This  becomes 


which  is  the  definite  integral  ex¬ 
pression  for  the  effective  band¬ 
width. 

The  above  equation  does  not  lend 
itself  readily  to  integration,  so  we 
shall  use  a  convenient  substitution 
to  reduce  the  expression  to  an  eas¬ 
ily  integrated  form.  Letting  /8  = 
cos"  <l>, 

dp  —  2N  COB  ^  sin  4  d# 
and  the  equation  becomes 


Reducing  the  right  side  of  the  ex¬ 
pression  to  a  real  number,  since 
we  are  interested  only  in  the  abso¬ 
lute  magnitude,  and  taking  the 
square  root  of  both  sides  of  the 
equation  gives 
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where 

I  r.  -  (6.21) 

I  Thus  the  family  of  curves  given 
in  Fig.  7  is  perfectly  general  with 
the  above  equation. 

With  the  desired  total  gain  fixed 
in  an  amplifier  and  with  the  value 
of  Qm,  established  to  obtain  that 
;  gain  with  the  determined  number 
of  stages,  the  necessary  value  of 
shunt  resistance  R,  is  obtained  from 
lEq.  (6.21)  for  r,  thus 

iZ*  -  ^5^  (6.30) 

^  ffms 


Example  of  U<e  of  Decign  Curvet 

In  order  to  demonstrate  the  ex¬ 
treme  simplicity  of  application  of 
the  design  curves  given  in  Fig.  7 
an  example  will  be  presented. 

.Assume  that  an  amplifier  is  de¬ 
sired  to  have  a  total  voltage  gain  of 
10,000  and  an  effective  bandwidth 
of  2.0  Me.  The  resonant  fre¬ 
quency  is  not  involved  in  the  deter¬ 
mination  of  either  the  number  of 
stages  or  the  shunt  resistor  R,  as 
was  discussed  above.  First,  obser¬ 
vation  of  Fig.  7  shows  that  for  the 
conditions  required  the  amplifier 
will  have  either  4  or  5  stages,  with 
variations  in  C  and  g„  fixing  the 
final  choice.  Four  stages  gives  in¬ 
sufficient  gain  for  the  operational 
conditions  of  C  =  25  fifif  and  g„  = 
5000  //.mhos  that  were  chosen  for 
Fig.  7,  while  five  stages  gives  too 
;  much  gain  for  these  conditions. 
Now  assuming  that  the  circuit  lay¬ 
out  is  such  that  we  will  have  22  /i/if 
capacitance  instead  of  25  /ijuf 
used  in  Fig.  7,  we  see  from  the 
equation  for  r,  that  this  will  raise 
the  total  gain. 

Let  us  take  the  two  cases  of  4 
and  5  stages  and  compute  what  the 
operating  g„,  and  the  required 
shunt  resistor  R^  will  be  for  our 
problem.  For  4  stages,  from  Fig. 
7  we  have 


r.-  10,000  -  3720  (^/|)‘ 
Solving,  we  have 

V.  22/10,000V/«  . 

=  5000  X  ^  (  3720  /  ~  5640  Minhos 

Therefore, 


p  _  (10,000)V«  10 

■■“  5640X  10*  0.00564 


1773  ohms. 


We  see  that  to  get  exactly  the 
ccaditions  set  down  for  the  ampli¬ 
fier  of  the  problem  when  four  stages 


are  used,  the  operating  of  the 
tubes  would  be  raised  slightly  above 
the  value  used  in  Fig.  7.  Finding 
this  value,  we  can  compute  the  value 
of  R^ 

Now  taking  our  amplifier  to  have 
five  stages,  we  obtain  from  Fig.  7 

r,  -  10,000  -  15,100  (^/|)‘ 
Solving,  we  have 

gm,  =  5000  X  '^5  ioq)  =  Mmhos 


therefore, 

_  (10,000)V» 
*  4055  X  10^ 


6.3095 

0.004055 


=  1554  ohms. 


For  five  stages  we  see  that  the 
operating  of  the  tubes  is  re¬ 
duced  below  that  assumed  for  Fig. 
7.  R,  is  then  computed  as  in  the 
previous  case  using  the  new  g^^ 
From  the  above  solution  to  the 
problem  we  see  that  the  curves  of 
Fig.  7  are  completely  definitive  of 
the  behavior  of  the  general  single¬ 
inductor  coupling  network  and  that 
for  any  particular  amplifier  the  con¬ 
sideration  of  only  the  capacitance 
C  that  will  be  involved  in  the  cir¬ 
cuit  need  be  determined.  Then  the 
operating  p*  for  the  tubes  and  the 
required  value  of  R,  can  be  deter¬ 
mined  directly. 


FIG.  7 — Design  curret  for  determining  the  number  oi  ampliiier  stages  required 
to  meet  a  particular  set  of  design  requirements  when  using  single-inductor 
coupling  networks  in  wide-band  amplifiers 
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inductor  coupling  network  all  give 
valuable  yet  simple  equations  for 
obtaining  the  design  constants  of 
an  amplifier  for  a  given  set  of  con¬ 
ditions. 


(2.31)  for  general  bandwidth,  in 
which  bandwidth  is  taken  as  the 
—3  db  response  width.  For  this 
case  we  have 

Af  =  A,/RC  (5.70) 

where 


TABLE  I.  AMPLIFIER  DATA 

NuMbtr 

^  ol  A,  At 

St«9«<  (N) 

1  0.S5000  0.15915 

X  0.1S500  0.1 0243 

3  0.09375  0.08114 

4  0.0781 3  0.06923 

5  0.06836  0.061 37 

-6  0.06152  0.05570 

7  0.05640  0.051 35 

8  0.05236  0.04788 


CempoXitc  Total  Veltago  Goto  aad 

Effoctivo  Baodwidth  Behavior  for 
N  Stage* 

A  composite  relationship  can  be 
obtained  for  the  complete  behavior 
of  N  stages  of  single-inductor  net¬ 
works  in  which  the  total  voltage 
gain,  Tr.,  is  functional  with  respect 
to  the  effective  bandwidth,  A.f„  and 
the  element  constants  of  the  net¬ 
works.  This  relationship  gives  the 
complete  design  requirements  for 
any  amplifier  using  the  two  funda¬ 
mental  requirements  of  total  volt¬ 
age  gain  and  effective  bandwidth 
ddfeired. 

From  Eq.  (1.22)  for  total  gain 
and  Eq.  (5.57)  for  effective  band¬ 
width,  we  have 

We  see  that  Tf,  is  expressed  in  terms 
of  the  effective  bandwidth  desired, 
A/„  the  effective  bandwidth  con¬ 
stant  A,  (which  is  known  and  con¬ 
stant  for  any  number  of  stages), 
the  g„  of  the  tube,  and  the  capaci¬ 
tance  of  the  circuit.  Thus  for  some 
independently  chosen  value  of  g^, 
and  with  C  fixed  by  the  circuit  lay¬ 
out  and  type  of  tube  used,  we  have 
Tf,  expressible  in  terms  of  the  band¬ 
width  desired  and  the  number  of 
stages. 

For  purposes  of  generalization  in 
order  to  compute  the  desired  family 
of  curves  we  will  arbitrarily  assign 
reasonable  values  to  g„  and  C.  Let¬ 
ting  g„  +  5000  jumhos  and  C  =  25 
Hfif,  we  have 

where  A/,  is  expressed  in  mega¬ 
cycles.  Figure  7  is  a  plot  of  this 
equation  over  the  entire  practical 
range  of  application,  with  A/,  cov¬ 
ering  from  0.5  to  5.0  megacycles 
and  from  one  through  eight  stages 
considered.  With  this  figure  one 
can  obtain  immediately  the  number 
of  stages  required  for  a  particular 
set  of  design  requirements. 

For  any  other  values  of  g„  and  C 
in  an  amplifier  the  total  gain  that 

ill  be  obtained  is 


These  values  were  computed  di¬ 
rectly  by  setting  a  =  0.707  and  eval¬ 
uating  A,  for  values  of  N  from  one 
through  eight. 

An  examination  of  the  two  col¬ 
umns  in  Table  I  shows  that  as  the 
number  of  stages  increases,  the  con¬ 
stants  become  more  nearly  equal. 
This  consideration  leads  to  a  de¬ 
sirable  fact  concerning  the  db  down 
from  maximum  response  at  the  ef¬ 
fective  bandwidth  of  a  curve. 

Letting  A/,  equal  A/,,  we  can 
solve  for  the  relative  power  re- 


^/«  —  ■■  I  8in*6co8*(^-‘)6<l6  (5.53) 
J  IT  12 

The  solution  of  this  integral  is  di¬ 
rect,  but  for  ease  of  general  expres¬ 
sion  it  is  necessary  to  exclude  the 
case  of  the  single-stage  amplifier. 
For  this  case  N  =  1  and  the  integral 
becomes 


treme  i 
the  des 
an  exar 


’■^Vx/2 

The  solution  to  this  is  immediate 
and  for  one  stage  we  have 

•  A/.  =  l/4i2C  (5.55) 

For  more  than  one  stage,  the  so¬ 
lution  of  the  expression  is  obtained 
in  the  form  of  a  series  product. 
This  is  because  the  integration  of 
the  Mh  power  of  a  trigonometric 
function  is  a  repeated  integral  of 
reduced  power.  The  general  solu¬ 
tion  for  the  effective  bandwidth  for 
more  than  one  stage  is 

o-  2  (AT-  1) 

TT  (m)  (5-6«) 


quency 


TABLE  II.  AMPLIFIER  RESPONSE 


Number  of  Staact  (N) 


variatii 


sponse  ^  at  the  effective  bandwidth 

for  any  value  of  N.  From  Eq.  (5.30) 

mu  u  •  •  X  and  (5.57)  we  have 

The  above  expression  is  seen  to 

give  the  effective  bandwidth  of 
the  amplifier  in  terms  of  the  num¬ 
ber  of  stages  and  the  circuit  con¬ 
stants  R  and  C.  The  equation  can 
be  written 

Aft  =  A,/RC  (5.57) 

where 

a  -  2  (V  -  1) 


RC  2xRC 

The  general  expression  for  p  in 
terms  of  A,  becomes 


^  “  Li+lWj 

The  db  down  at  the  effective  band¬ 
width,  in  terms  of  A,  for  N  stages, 
is  then 

db  =  lOiV  log,o[l  +  (2xA.)*]  (5.90) 

Table  II  gives  the  db  down  re¬ 
sponse  of  the  amplifier  character¬ 
istic  at  the  effective  bandwidth  for 
one  through  eight  stages.  These 
values  are  in  the  anticipated  agree¬ 
ment  deduced  from  the  values  of 
Table  I;  that  is,  as  the  number  of 
stages  increases,  the  values  of  ef¬ 
fective  bandwidth  and  the  3  db 
down  characteristic  become  more 
nearly  equal. 

The  above-considered  character¬ 
istics  of  the  behavior  of  the  single¬ 


Now  we  can  evaluate  A,  for  any 
number  of  stages  and  tabulate  it. 
Then  for  a  particular  amplifier,  C 
will  be  fixed  by  the  circuit  layout 
and  type  of  tube  used,  but  R  must 
be  chosen  to  satisfy  the  bandwidth 
requirement. 

Table  I  gives  the  value  of  A,  for 
amplifiers  of  from  one  to  eight 
stages.  This  is  seen  to  be  extremely 
useful  for  the  above-discussed  ap¬ 
plication.  Also  tabulated  in  Table 
I  are  the  values  of  A„  which  is  the 
constant  of  bandwidth  from  Eq. 
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With  Square  Waves 


2TCRC 

Equcii  tmp«fiionc« 


FIG.  3 — High-pass  (a)  and  low-pass  (b) 
circuit  outputs  emd  inputs  or*  comparsd 
lor  squoro-woTO  frequoncies  of  oquol  im- 
podanco  and  time-constant  conditions 


a27E 


or  the  resistance,  as  the  case  may 
be,  has  been  adjusted  so  that  the 
output  voltage  decays  to  4.3  percent 
of  its  maximum  value,  the  im¬ 
pedance  Xc  equals  the  resistance  R, 
or  C  =  l/(2i://?).  If  the  square- 
wave  frequency  is  that  frequency  at 
which  information  is  required,  the 
measurement  directly  gives  Xo  =  R. 

Because  of  this  relation,  the  tech¬ 
nique  is  referred  to  as  equal-imped¬ 
ance  measurement. 

That  the  specified  condition  has 
been  reached  can  readily  be  ob¬ 
served  from  the  scale  on  the  face  of 
the  oscilloscope.  If  the  time  base 
of  the  oscilloscope  is  used  and  it  is 
the  frequency  which  is  being  varied, 
it  is  necessary  simultaneously  to 
readjust  the  sweep  rate  of  the  oscil¬ 
loscope.  The  oscilloscope  trace  will 
be  as  shown  in  Fig.  2  (b) .  However, 
if  no  sweep  is  used — just  vertical  less  reliable  results  than  the  pre¬ 
deflection — the  trace  will  be  as  ceding  method — doubtless  because 
shown  in  Fig.  2(c).  In  addition,  of  this  added  complication.  Induct- 
the  trace  can  be  located  on  the  oscil-  ance  is  given  by  L  =  R/(2itf). 
loscope  screen  by  means  of  the 
vertical  centering  control  so  as  to 
eliminate  most  of  the  lower  half 
of  the  trace,  thereby  taking  full  ad¬ 
vantage  of  the  screen  size  as  illus¬ 
trated  in  Fig.  2(d). 

If  resistance  is  to  be  measured, 
the  calibrated  capacitor  is  inserted 
for  C  and  the  unknown  resistor  for 
R.  Resistance  is  given  hy  R  = 

If  inductance  is  to  be  measured, 
the  procedure  is  the  same  except 
that  the  voltage  developed  across 
the  inductor  is  applied  to  the  oscil¬ 
loscope.  To  make  use  of  the  voltage 
developed  across  the  resistor  in 
measuring  inductance,  it  is  neces¬ 
sary  to  compare  it  with  the  applied 
square-wave  voltage  in  order  to  ob¬ 
serve  the  equal-impedance  condi¬ 
tion  of  Fig.  3(b).  This  procedure 
requires  an  arrangement  such  as 
an  electronic  switch.  It  has  given 


k0.918E 


0.46  E 


0.041  E 


method,  the  time-constant  repeti¬ 
tion  rate  has  an  advantage.  How¬ 
ever,  the  amplitude  of  the  initial 
output  voltage,  as  well  as  the  final 
decay  value,  changes  rapidly  with 
circuit  changes — which  is  not  the 
case  if  frequencies  near  the  equal- 
impedance  frequency  are  in  use. 

Aside  from  being  a  source  of  an¬ 
noyance  during  adjustments — it 
can  be  compensated  for  by  continu¬ 
ous  manipulation  of  the  oscilloscope 
gain — this  is  no  drawback.  As  a 
matter  of  technique  the  equal-im¬ 
pedance  method  may  be  preferred; 
it  is  quicker.  But  for  higher  ac¬ 
curacy,  justifiable  only  if  the  pre¬ 
cautions  described  previously  are 
observed,  the  time  constant  method 
is  superior. 

With  a  particular  set  of  equip¬ 
ment,  the  two  methods  can  be  used 
interchangeably  to  extend  the  range 
over  which  measurements  can  be 
made.  For  example,  if  the  high- 
frequency  response  of  the  equip¬ 
ment  is  limited  and  the  calibrated 
resistance  fixed,  use  of  the  time 


Tim*  Constant  Method  * 

An  alternative  to  the  preceding 
is  to  use  a  square  wave  with  a  rep¬ 
etition  period  of  2T  where  T  is  the 
time  constant  of  the  RL  or  RC  cir¬ 
cuit  under  study.  That  is,  the 
period  of  a  half  cycle  of  the  square 
wave  is  adjusted  to  equal  the  time 
constant  of  the  circuit,  with  the  re¬ 
sult  that  by  the  end  of  each  half 
cycle  the  output  wave  has  fallen  to 
36.8  percent  of  its  initial  value. 
See  Fig.  3(a).  Capacitance  is 
given  by  C  =  l/(2«/R),  and  in¬ 
ductance  by  L  =  R/{2f). 

This  choice  of  repetition  rate  has 
the  advantage  of  interrupting  the 
decay  voltage  at  a  point  of  greater 
slope  than  in  the  equal-impedance 
method.  Dimensions  of  the  image 
on  the  oscilloscope  are  more  sensi¬ 
tive  to  changes  in  circuit  para¬ 
meters  and  hence,  as  a  measuring 


iNICS 
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Impedance  Measurements  V 

This  discussion  describes  the  test  equipment  and  procedures  for  determining  capacitance 
and  inductance,  as  well  as  the  natural  frequency,  distributed  capacitance,  resistance,  and 
Q  of  inductors,  by  oscilloscopic  observation  of  square-wave  decay  rates.  Results  of  actual  dreiat 

measurements  are  given,  showing  accuracy  p«do 


INTEREST  in  square  waves  has  By  FRANK  ROCKETT 

centered  around  their  utility  in  yew  York,  s.  y. 

indicating  the  transient  reaction 
and  wide-hand  response  of  circuits. 

In  addition,  square  waves  can  be  tive  indication  obtained  from  a 
used  to  measure  impedances  by  the  square  wave  of  any  frequency  elimi- 
following  method.  It  employs  a  min-  nates  the  time-consuming  necessity 
imum  of  calibrated  equipment,  is  of  hunting  for  the  unknown  fre- 
simple  in  circuit  and  operation,  quency  as  in  sine-wave  testing.* 
rai>id  and,  with  the  precautions 
described  below,  is  highly  accurate. 

Advantages  of  square  waves  for 
testing  lie  in  their  multiple-fre¬ 
quency  content.  For  example,  in 
determining  resonant  frequency  of 
a  circuit,  square-wave  response  .in¬ 
dicates  where  the  resonant  fre¬ 
quency  lies  irrespective  of  what 
square-wave  test  frequency  is  being 
used. 

On  the  other  hand,  the  sine-wave 
response  of  the  circuit  will  not 
give  an  indication  until  the  test 
frequency  has  been  adjusted  ap¬ 
proximately  to  the  resonant  fre¬ 
quency.  Where  the  resonant  fre¬ 
quency  is  altogether  unknown,  posi- 


to  be  measured.  If  it  is  not  low- 
enough  a  cathode  follower*  can  be 
added,  as  in  Fig.  1.  The  input  im¬ 
pedance  of  the  oscilloscope  should 
be  at  least  ten  times  larger  than 
the  largest  impedance  to  be  meas- 
ifred.  As  will  be  shown,  this  impe¬ 
dance  can  be  as  high  as  the  grid 
input  of  a  vacuum  tube.  If  induc¬ 
tance  or  capacitance  is  to  be  meas¬ 
ured,  the  calibrated  impedance  is 
a  resistance.  To  measure  resistance 
a  calibrated  capacitor  is  the  more 
useful  although  an  inductor  can 
be  used  if  necessary. 

Consider  the  circuit  of  Fig.  2(a). 
It  can  be  shown  by  operational 
analysis  that  if  the  generator  pro¬ 
vides  a  square  wave  of  frequency 
F  =  l/(2i:RC),  the  voltage  develop¬ 
ed  across  R  is  of  the  form  in  Fig. 
2(b).  This  voltage  across  R  decays 
during  a  half  cycle  to  0.043  of  its 
initial  value.  An  oscilloscope  across 
R  is  used  to  observe  this  decay  of 
resistor  voltage. 

When  the  square-wave  frequency 


Apparatas  R*qair*meits 

Equipment  needed  for  square- 
wave  impedance  measurements  in¬ 
cludes  a  square-wave  generator  of 
known  frequency,  a  calibrated  or 
standard  impedance,  and  a  cath¬ 
ode-ray  oscilloscope.  Either  the 
square-wave  frequency  or  the  cali¬ 
brated  impedance  must  be  variable 
(preferably  the  frequency  if  it 
must  be  one  and  not  the  other), 
but  the  range  over  which  measure¬ 
ments  can  be  made  is  greatly  ex¬ 
tended  if  both  are  made  variable. 
Output  impedance  of  the  square- 
wave  generator  should  be  at  most 
one-tenth  the  smallest  impedance 


Cathode 

fbHomrer 


FIG.  1  (lait) — Cathode  follower  decrease! 
output  impedance  of  generator  while  im¬ 
pedance  transformer  increases  input  im¬ 
pedance  of  oscilloscope  in  the  general 
set-up  of  equipment  used  for  squore-waTO 
testing 


Circuit 

under 

test 


Osci/loscope 


FIG.  2  (right) — Circuit  response  to  o  square 
wore  of  frequency  l/(2s'RC)  follows  the 
law  e=£c*^'^  decoid^g  from  on  initial 
Tolue  of  100  percent  to  o  final  Tolue  of  4.3 
percent  os  at  (b).  Without  sweep  the  trace 
appears  os  in  (c).  Moring  the  trace  off 
center  (d)  increoses  the  accuracy 
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ELEC 


Microsecond 

PULSE  GENERATOR 


FIG.  1 — Circuit  used  to  generate  pulses  at  high  repetition  rates  (up  to  400  per 
sec.),  with  waTeiorm  oi  output  pulse.  Performance  data  is  in  Table  I 


Results  of  investigation  to 
reduce  deionization  time  of 
thyratrons  used  in  a  cir¬ 
cuit  providing  pulse-type 
signals  of  variable  duration 
at  high  repetition  rates 


By  E.  F.  KIERNAN 

V.  8.  Vavy  Radio  and  Sound  Laboratory 
San  Diego,  Calif. 


Although  the  thyratron  gas 
^tube  has  been  in  common  use 
for  some  time  as  a  switching  or 
keying  device,  it  has  generally 
been  assumed  that  its  repetition 
rate  had  definite  limitations  due 
to  the  deionization  time  of  the 
gas.  Several  investigators,  how¬ 
ever,  have  noted  that  deioniza¬ 
tion  time  does  not  necessarily 
limit  the  operational  frequency 
under  all  circumstances  and 
modes  of  operation. 

In  the  course  of  some  develop¬ 
ment  work,  a  source  of  pulse-type 
signals  of  variable  duration  and 
variable  repetition  rate  was  re¬ 
quired.  Manufacturer’s  data  indi¬ 
cated  that  the  ionization  time  for 


TABLE 

I.  TEST  DATA 

j 

Pulse  Pul$c  Peak  1 

Ca 

Ra 

/4(d.c) 

Duretion 

VoltJ3c  1 

in 

in  mc9- 

in  m«. 

in  ,,scc 

n  Volb  1 

0.01 

0.25 

2.3 

130. 

751  ! 

0.01 

0.5 

1.6 

130. 

676 

0.01 

1 

0.9 

130. 

525 

0.01 

2 

0.05 

130. 

375 

0.004 

0.25 

2.2 

97.5 

751 

0.004 

0.5 

1.5 

97.5 

751 

0.004 

1 

0.8 

97.5 

638 

0.004 

2 

0.05 

97.5 

488 

0.001 

0.25 

0.04 

18.7 

488 

0.001 

0.5 

1.2 

18.7 

488 

0.001 

1 

0.6 

18.7 

488 

0.001 

2 

0.3 

18.7 

488 

0.0005 

0.25 

1.9* 

13.1 

300 

0.0005 

0.5 

1.2* 

13.1 

300 

0.0005 

1 

0.5* 

13.1 

300 

o.opos 

2 

0.3* 

13.1 

300  ! 

o.dool 

0.25 

2.2* 

9.4 

150 

0  0001 

0.5 

1.2* 

9.4 

150 

0.0001 

1 

0.6* 

9.4 

150 

0.0001 

2 

0.3* 

9.4 

150 

•  The 

a-c  grid 

voltage 

was  changed 

from  120 

to  115 

volts  for 

the  last 

eight  sets  ol 

rradiniK. 

1 

typical  thyratrons  varied  between 
1  and  50  microseconds,  and  the 
deionization  time  did  not  exceed 
1000  microseconds.  Since  the 
break-down  or  ionization  time  was 
well  within  the  requirements,  it 
appeared  as  though  the  deioniza¬ 
tion  time  would  be  the  pertinent 
factor.  One  reference  stated  that 
this  time  varied  directly  with  the 
gas  pressure,  inversely  as  the  3/2 
power  of  the  grid  voltage,  and  di¬ 
rectly  as  the  0.7  power  of  .the 
anode  current.  It  was  also  stated 
that  as  a  grid-controlled  rectifier 
the  device  could  not  be  operated 
above  5000  cycles. 

Obviously,  little  can  be  done 
about  the  gas  pressure,  which  is 
fixed  at  the  time  of  manufacture. 
The  other  tw'o  factors  indicate 
that  large  grid  voltages  and  low 
anode  currents  should  be  used  to 
get  short  deionization  times. 

The  basic  test  circuit  arrange¬ 
ment  utilized  a  thyratron  to  dis¬ 
charge  a  capacitor  which  was  re¬ 
charged  from  a  d-c  source  through 
a  limiting  resistor,  as  in  Fig.  1. 

Results  for  an  FG-57  thyratron 
with  60-cps  excitation  on  the  grid 
are  given  in  Table  1,  and  show 
that  the  duration  of  the  pulse  is 
determined  solely  by  the  capaci¬ 
tance  of  the  discharging  capacitor. 
After  the  capacitor  value  has  been 


lowered  to  a  point  where  the  ca¬ 
pacitor  can  charge  to  the  applied 
direct  voltage,  the  amplitude  of 
the  pulse  is  proportional  to  the 
size  of  the  capacitor. 

The  pulses  were  viewed  on  the 
screen  of  a  cathode-ray  oscillo¬ 
scope  with  a  super-imposed  trans¬ 
parent  reference  lattice.  Pulse 
duration  was  evaluated,  with  any 
given  setting  of  the  sweep,  by 
means  of  a  sine  wave  of  known 
frequency  from  an  R-C  oscillator. 
The  frequency  was  adjusted  until 
a  half  sine  wave  occupied  the 
same  number  of  divisions  on  the 
horizontal  scale  as  did  the  pulse. 
Knowing  the  frequency,  the  time 
duration  of  a  half  cycle  could  be 
readily  found. 

The  values  for  pulse  duration  in 
Table  1  include  the  points  from 
which  the  pulse  trace  leaves  the 
horizontal  axis  and  returns  to  it. 
In  the  case  of  the  9.4-microsecond 
pulse  the  63  percent  and  37  percent 
points  w’ere  less  than  1  microsec¬ 
ond  apart. 

Repetition  rates  between  60  and 
400  per  second  were  found  prac¬ 
tical  with  smaller  tubes  such  as 
the  884.  Adequate  shielding  from 
stray  fields  and  from  light  is  rec¬ 
ommended  for  the  gas  tubes,  espe¬ 
cially  the  more  sensitive  types 
such  as  the  2050,  2051  and  2D21. 
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constant  method  win  permit  meas¬ 
uring  capacitors  it  times  as  large  as 
could  be  measured  by  the  equal- 
impedance  rate. 


frequency  of  the  inductor.  This  is 
partly  because,  as  the  square-wave 
frequency  approaches  the  self¬ 
resonant  frequency  of  the  inductor, 
it  forces  the  oscillations  to  the  ex¬ 
tent  of  changing  their  frequency, 
and  partly  because,  with  hnt  s  few 
cycles  of  oscillation  per  cycle  of 
square  wave,  errors  in  estimating 
fractions  or  in  observing  when 
there  are  none,  increase. 

There  is  no  gain  in  using  a 
square-wave  frequency  lower  than 
one-twentieth  /#  because  of  the  large 
number  of  cycles-per-square-wave 
which  must  then  be  counted.  The 
half  period  of  the  lowest  square 
wave  that  can  be  used  must  be  no 
longer  than  the  oscillation  decay 
time  of  the  self-resonant  inductor. 

The  rate  of  decay  of  the  oscilla¬ 
tion  is  used  to  measure  the  a-c  re¬ 
sistance  of  the  inductor  at  its  nat¬ 
ural  frequency.  Because  the  im¬ 
pedance  of  the  inductor  at  its 
resonant  frequency  is  more  depend¬ 
ent  upon  the  Q  of  the  inductor  in 
this  range  than  it  is  upon  the 
simple  inductance,  the  coil  resist¬ 
ance  at  the  natural  frequency  (/Z#) 
is  of  greater  significance  at  the  up¬ 
per  frequency  limit  of  usability. 

This  method  is  illustrated  in  Fig. 
4(c).  Transformers  can  be  treated 
as  combinations  of  self  and  mutual 
inductances,  each  having  its  own 
natural  frequency  and  apparent  a-c 
resistance.  Critical  damping  can  be 
quickly  determined  by  this  same 
method.  Resonant  circuits  of  all 
types  can  likewise  be  measured. 


ExteasioRS  of  tb*  Method 

It  is  conceivable  that  other  rep¬ 
etition  rates  could  be  used.  The 
two  frequencies  mentioned  have 
been  chosen  because  of  their  par¬ 
ticular  significance  in  circuit  an¬ 
alysis.  One  extension  of  the  re¬ 
sponse  analysis  to  a  square  wave 
of  the  equal-impedance  frequency, 
which  indicates  the  reason  for  mak¬ 
ing  measurements  at  t\iis  particu¬ 
lar  frequency,  is  in  determining  the 
cut-off  frequencies  of  filters  or 
amplifiers. 

Cut-off  frequencies  of  communi¬ 
cation  circuits  are  often  taken  in 
sinusoidal  analysis  as  those  at 
which  the  output  is  half  the  mid¬ 
frequency  power.  This  condition 
occurs  at  the  equal-impedance  fre¬ 
quency  in  simple  RL  and  RC  net¬ 
works. 

Because  of  the  cascading  of  im¬ 
pedances  and  the  use  of  compensa¬ 
tion  networks,  the  decay  curves  of 
communication  circuits  will  no 
longer  be  simple  exponentials,  as  inductive.  By  square-wave  meas- 
in  Fig.  3.  However,  the  square-  urement,  the  self-resonant  fre- 
wave  frequency  at  which  the  output  quency  of  an  inductor  and  its  reson- 
decays  to  4.3  percent  of  its  initial  ant  Q  can  be  determined, 
value  can  still  be  taken  as  the  low  The  reactance  of  the  inductor  is 
cut-off  frequency.  Thus  the  equal-  measured  by  the  previous  technique, 
impedance  method  can  be  used  to  The  inductor  is  then  connected  be- 
measure  low  cut-off  frequencies  of  tween  the  high  sides  of  the  square- 
complex  circuits.  A  similar  exten-  wave  generator  and  the  oscilloscope ; 
sion  of  the  method  can  be  made  to  the  low  sides  of  the  instruments 
measure  high  cut-oif  frequencies.  are  directly  connected  as  in  Fig. 

Caution  must  be  used  in  making  4(a). 
this  extension  because  it  is  the  When  excited  by  the  multiple- 
deviation  from  the  exponential  frequency  transient  of  the  square 
curve  which  reveals  most  about  wave,  the  inductor  oscillates  at  its 
communication  circuit  s.  This  natural  period  with  the  result  that 
method  only  considers  the  informa-  there  is  a  damped  sine  wave  super- 
tion  obtainable  from  the  end  points  imposed  on  the  square  wave  which 
of  the  circuit  response  to  square  is  being  applied  to  the  oscilloscope 
waves.  Similar  use  can,  with  reser-  through  the  inductor.  Fig.  4(b). 
vations,  be  made  of  the  time  con-  The  number  of  oscillations  per 
stant  method,  and  to  measure  high-  cycle  of  the  square  wave,  times  the 
frequency  cutoff.  square-wave  frequency,  gives  the 


FIG.  4 — Equirolent  inductor  circuit  (a)  ond 
•quaro-woTo  rosponie  (b)  enlarged  in  (c) 
from  which  come  raluea  lor  determining: 
Natural  frequency  U=nF,  where  n  is  the 
number  of  cycle*  per  cycle  of  square  wore 
and  F  is  the  square-ware  frequency; 

Xi- 2Zyelo«((«a/e();  Ci- l/l(2x/.)>L]:  and 
Oa  —  r/logc  (e«/ei) 


Neutralizing  Impedance  Effects 

The  input  impedance  of  the  oscil¬ 
loscope  reduces  the  shunt-arm  im¬ 
pedance  while  the  output  impedance 
of  the  square-wave  generator  in¬ 
creases  the  series-arm  impedance  of 
the  test  circuit.  Rather  than  at¬ 
tempt  to  correct  analytically  for 
these  impedances,  which  can  well  be 
complex,  it  is  better  to  remove  their 
effect,  especially  since  to  do  so  is 
easy. 

Reducing  the  output  impedance  of 
the  square-wave  generator  by 
means  of  a  cathode  follower  has 
been  discussed.  If  the  output  im¬ 
pedance  of  the  square-wave  genera¬ 
tor  has  a  d-c  path,  as  it  will  if  a 
cathode  follower  is  used,  all  the 
foregoing  circuits  provide  d-c  grid 
returns.  Therefore,  an  impedance 
(Continued  on  page  336) 


Measurement  of  Q  Factor 

Inductors,  because  of  their  dis¬ 
tributed  capacitances,  have  self¬ 
resonant  frequencies  above  which 
they  behave  as  capacitors.  In 
choosing  chokes  and  transformers, 
it  is  necessary  to  know  not  only 
their  inductances,  but  also  the  fre¬ 
quency  ranges  over  which  they  are 
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FIG.  1 — Basic  circuit  oi  grid-controlled 
rectifier  with  phose-shiit  control 


Single-phase  full-wave  recti- 
•  fiers  employing  gas  triodes 
(thyratrons)  have  bee  nused  in 
numerous  applications  where  ac¬ 
curate  and  smooth  control  of  the 
direct-current  output  is  required. 
In  some  of  these  applications  ade¬ 
quate  filtering  is  necessary  to  re¬ 
duce  the  output  ripple  voltage  be¬ 
low  some  specified  value.  The  usual 
filter  design  equations  used  in  the 
case  of  the  high-vacuum  or  gas- 
diode  rectifiers  are  not  suitable  be¬ 
cause  the  magnitudes  of  the  har¬ 
monic  components  to  be  filtered 
vary  with  the  conduction  angle  of 
the  tube. 

Grid-controlled  gas-tube  recti¬ 
fiers  are  usually  controlled  by 
means  of  a  phase-shifting  circuit 
that  controls  the  point  on  the  anode 
voltage  wave  at  which  the  tube 
starts  to  conduct. 

RaetiBvr  with  Rasistaae*  Lead  and 
No  Filter 

In  Fig.  1  is  shown  a  typical  grid- 
controlled  rectifier  and  phase-shift¬ 
ing  circuit  for  controlling  the  con¬ 
duction  angle,  with  an  illustra¬ 
tion  of  the  type  of  output  voltage 
wave  to  be  expected  for  a  given 
angle  of  delay  if  the  load  is  pure 
resistance.  The  action  of  the  gas 
triodes  and  phase  shifter  circuit 
will  not  be  discussed  further  as  this 
is  usually  dealt  with  in  most  texts 
on  electronics,  but  rather,  an  an¬ 
alysis  of  the  voltage  waves  and  the 
design  of  filters  for  these  waves 


FILTER 
For  Grid- 


Analysis  of  voltage  waves  in  single-phase 
thyratron  rectifier  circuits  with  inductive-input 
filters,  taking  into  account  the  variations  in 
harmonic  content  with  conduction  angle.  Basic 
equations  are  developed  into  a  practical 
design  procedure,  and  examples  are  given 


will  be  considered  in  this  paper. 

In  Fig.  2  is  shown  a  typical  out¬ 
put  voltage  wave  in  which  the  fir¬ 
ing  of  the  tube  has  been  delayed 
for  an  angle  <f>  and  tube  conduc¬ 
tion  takes  place  through  an  angle 
$  =  -K  —  <f>  if  the  arc  drop  is  as¬ 
sumed  negligible.  This  recurring 
wave  may  be  expressed  by  a  Four¬ 
ier  series  in  the  usual  manner: 


fl  *  00  19  SB  QQ 

«  =“  Eie  +  cos  nx  +  nx  (1) 

n  •«  1  n  =  1 

where 


and 


..-i  /m, 

...If, 


'cos  nx  dx 


(2) 

(3) 

(4) 


/(*)  sin  nx  dx 
In  the  case  of  the  wave  shown  in 
Fig.  2,/(x)  =  0  and  /(x)J  =  B,n«x  sin  x 

where  x  =  and  is  the  crest 


FIG.  2 — ^WoT*  fom  for  grid<oiitroUo<) 
rocttfior  with  no  filtor 


value  of  the  transformer  voltage 
from  one  end  to  center  tap.  In  de¬ 
termining  the  coefficients  An,  Bn  and 
it  will  be  necessary  to  integrate 
only  through  the  limits  from  <f>  to  v 
and  multiply  the  result  by  two  since 
the  half-cycles  are  identical.  Then 


Edc  ■*  f  sin  xdx  -«  1  cos  ^  ^ 

(5) 

The  direct  current  component  of 
the  voltage  wave  thus  varies  from 
zero  to  the  value  as  the  de¬ 

lay  angle  is  varied  from  n  to  zero. 
Figure  3  shows  how  the  ratio 
EtJE,n„  varies  with  <^. 

Since  it  is  usually  necessary  to 
know  only  the  magnitude  of  the 
harmonic  terms  present,  a  complete 
Fourier  series  for  the  wave  is  not 
necessary.  Inspection  of  Eq.  (1) 
will  show  that  the  nth  harmonic  is 
given  by  (An  cos  nx  -f  Bn  sin  nx), 
and  therefore  the  magnitude  of  the 
nth  harmonic  voltage  is  En  m.x  = 
An  -f  j  Bn.  Substituting  Eq.  (3) 
and  (4)  in  Eq.  (6), 


En 


if 


f  (x)  (cos  nx  -t-  j  sin  nx)  dx 


-ijf 


/ (x)  f >»*dx 


(7) 


Putting  in  for  f(x)  its  value  for 
the  particular  wave  under  study 
and  changing  the  limits,  we  get 


sin  X  e»"*dx 


«  -2g-.^  I": 


e’"*  (cos  X  —  jn  sin  x) 
1  -  n* 


];  (8) 
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By  applying  the  principle  of  sym¬ 
metry  to  the  wave,  it  may  be  seen 
that  fix)  =  /(it  -I-  x),  for  which  it 
can  be  shown  that  no  pdd  harmonics 
can  exist.  If  n  is  given  only  even 
values,  the  limits  substituted  and 
the  resulting  equation  expanded, 
the  following  expression  for  the 
crest  value  of  the  nth  harmonic 
voltage  results: 


tion  is  very  undesirable  and  should 
be  avoided  by  making  L  >  L.,  for 
all  values  of  load  current  and  delay 
angle. 

If  L  >  L„,  the  tube  that  is  con¬ 
ducting  will  continue  to  conduct 
until  the  second  tube  fires,  even 
though  the  anode  potential  swings 
negative  with  respect  to  the  trans¬ 
former  center-tap  over  a  portion  of 
the  cycle  as  shown  in  Fig.  6(b). 

This  effect  is  produced  by  the  in¬ 
duced  emf  of  the  input  filter  choke. 

Since  for  this  case  the  tube  drop 
is  constant  throughout  the  whole 
cycle,  it  will  not  enter  into  the  cal¬ 
culation  of  the  harmonic  terms  and 
can  be  subtracted  from  the  direct- 
current  component. 

A  study  of  the  wave  in  Fig.  5  (b) 
will  show  that  f(x)  =  sin  x  — 

Ed  Substituting  this  in  Eq. 

(2)  gives 

^  ^  /'-r+a  to  a  specified  value  will  be  at  least 

Bdc  “  — ^  /  sin  xdx - -  I  dx  four  times  more  effective  for  the 

higher  harmonic,  it  is  neces- 
=  — —  cosa  —  Ed  (M))  sary  to  consider  only  the  second 

A  1  i.-  i.  u  harmonic  in  the  design  of  the  fil- 

A  plot  of  Eq.  (10),  neglecting  tube  ,  “  ... 

-c"  c  Ti.  •  ter.  Figure  6  shows  the  variation 

drop,  IS  shown  in  Fig.  6.  It  is  seen  ,  4. 

r  4.  i.  of  the  second  harmonic  voltage  at 
that  the  complete  range  of  output  .  4.  4.  4.V  «i4.  -4^1.  4.1.  a,. 

1.  u  j  -x,.  ,  the  input  to  the  filter  with  the  de¬ 

voltage  may  be  covered  with  only  a 

90-deg  variation  of  delay  angle.  e  <f>.  t  a  *. 

- _ 4.,  .  f  ,,  ,  The  usual  procedure  for  deter- 

Values  from  this  curve  should  be  .  .  xi.  -x-  1  1  ir  •  j  4. 

multiplied  by  E../(E.  +  E.,)  to  "»n.ng  the  «.t.cal  value  of  mduct- 

correct  for  tube  drop.  ““  >■>  singl^ph^e  full- 

_ //0.1  •  4.  /fT\  wave  diode  rectifier  circuits  is  to 

Substituting  f(x)  into  Eq.  (7)  ,  „  ^  harmonic  terms  ex¬ 
gives  for  the  nth  harmonic  ^  harinonic  terms  ex 

cept  the  second  and  solve  the  re- 
suiting  equivalent  circuit  for  the 
direct  and  alternating  components 
of  current  through  the  input  choke. 
The  critical  value  of  inductance 
L.r  which  will  just  keep  a  current 
flow  at  all  times  through  the  choke 
can  then  be  determined  from  the 
critical  condition  of  /<»  =  /,«, 

_ _  This  solution*  gives  L,,  =  /2r/1130 

-H  (co8  ^  sin  —  n  sin  0  cos  ti^)*  (12)  foj*  a  60-cycle  impressed  voltage. 

Since  any  filter  designed  to  re-  where  Rr  is  the  total  d-c  resistance 

duce  the  second  harmonic  voltage  that  the  direct  component  of  cur- 
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FIG.  3 — Output  components  of  a  grid- 
controlled  rectifier  with  no  filter 


-|-  (n  gin  0  cos  rup  —  cog  0  sin  n<p,)*  (9) 
Figure  3  shows  the  variation  of 
the  second  and  fourth  harmonic 
terms  with  the  angle  <f>.  It  must  be 
stressed  that  the  curve  shown  in 
Fig.  3  can  be  used  only  with  a  non¬ 
reactive  load  as  the  presence  of  a 
filter  changes  the  output  voltage 
wave  of  the  rectifier  considerably. 
This  fact  is  commonly  overlooked, 
as  has  been  pointed  out  by  M.  B. 
Stout.' 


FIG.  4 — Grid-controUod  roctifier  circuit 
with  inductiTO-input  filtor 


Roetifior  with  IndMctivo-Input  Filtor 

It  was  noticed  in  Fig.  2  that  cur¬ 
rent  flows  for  only  a  portion  of  each 
half-cycle  if  the  load  is  non-induc¬ 
tive.  If  a  series  inductance  is 
added,  the  current  will  tend  to  flow 
for  a  longer  period  of  time  but 
with  a  corresponding  decrease  in 
the  peak  value.  If  the  inductance  is 
made  large  enough,  current  will 
flow  through  the  load  circuit  con¬ 
tinuously.  A  critical  value  of  in¬ 
ductance  L„  may  be  defined  as  that 
value  which  will  just  prevent  the 
current  from  dropping  to  zero  at 
any  portion  of  the  cycle. 

If  a  grid-controlled  rectifier  with 
delayed  firing  angle  has  an  induc¬ 
tive-input  filter  (Fig.  4)  with  the 
value  of  the  inductance  less  than 
•ritical,  damped  oscillatory  waves 
are  set  up  as  shown  in  Fig.  5(a), 
and  the  circuit  in  general  becomes 
very  unstable.  This  type  of  opera- 


which  when  integrated,  limits  sub¬ 
stituted,  and  reduced  as  before 
(with  n  =  2,  4,  6 . )  gives 
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FIG.  5— Voltage  wares’  for  grid-con¬ 
trolled  rectifier  wiA  Inductire-input 
filter.  At  (a)  the  inductance  is  less 
.thon  the  critical  ralue.  and  at  (b)  it  is 
greater  thoir  the  critical  ralue 


FIG.  6 — Output  components  of  grid-con- 
trolled  rectifier  with  inductire-input  filter 


rent  must  flow  through.  This  equa¬ 
tion  is  correct  within  about  10  per¬ 
cent  for  the  diode  rectifiers  except 
when  operating  at  low  voltages,  but 
will  give  an  error  of  from  25  to  50 
percent,  depending  on  the  delay 
angle,  for  the  grid-controlled  recti¬ 
fier.  The  correct  value  of  critical 
inductance  for  grid-controlled  recti¬ 
fiers  for  different  firing  angles  has 
been  determined  in  an  analysis  by 
Overbeck.*  The  results  of  this  in¬ 
vestigation  are  shown  in  the  curve 
of  Lct/Rt  versus  <f>  in  Fig.  7.  The 
values  of  Lct/Rt  should  be  multi¬ 
plied  by  {Eo/Eic)  -H  1  to  correct 
for  tube  drop. 

As  mentioned  before,  the  a-c  volt¬ 
ages  of  higher  order  are  not  only 
much  smaller  initially  than  the  sec¬ 
ond  harmonic  but  also  are  attenu¬ 
ated  by  the  filter  to  a  much  higher 
degree,  and  therefore  the  percent 
output  ripple  voltage  of  the  filter 
may  be  defined  as  the  rms  value  of 
the  second  harmonic  output  voltage 


expressed  as  a  percentage  of  the 
d-c  output  voltage.  Then 

%  Rippis  ™  100  X  E%l Ede  autfut  (13) 
^1-4  S/3xV2  (14) 

where 

R*  =“  V(co8  ^  cos  -f  n  sin  ^  sin  tk^)* 

-f  (cos  if>  sin  —  n  sin  ^  cos  n^)* 
and  S,  the  smoothing  factor  of  the 
filter,  is  in  accordance  with  the 
usual  filter  design  equation 

^  “  (2a,)*-  (LiW., ...  L.)  (C,C,C, ...  C,) 
a>  being  2ii  times  the  original  sup¬ 
ply  frequency  and  a  the  number  of 
sections  in  the  filter. 

The  direct  output  voltage  is  the 
direct  input  voltage  to  the  filter 
minus  the  voltage  drop  in  the  filter : 

Ede  out  =  ^ COS  <t>  —  E^—  Ide  Rf  (16) 

and 

=■  Rl  +  Rf 

where  Rl  is  the  resistance  of  the 
load  and  Rr  is  the  filter  resistance. 
Substituting  Eq.  (17)  into  (16), 
then  substituting  the  resulting 
equation  along  with  Eq.  (14)  into 
(13)  gives 
%  Ripple  = 

_ 4  E„aT  K^sxm _ 

(18) 

In  the  case  of  rectifiers  for  voltages 
of  the  order  of  a  few  hundred  volts 
or  more  and  for  delay  angles  up  to 
60  or  70  deg  (larger  angles  than 
this  are  impractical),  Eo  in  Eq. 
(18)  may  be  neglected.  Further, 
since  Ri>>Rf,  the  quantity  1  — 
Rf/(Rl  +  Rf)  of  Eq.  (18)  will  be 
approximately  equal  to  1  (this  ap¬ 
proximation  can  be  corrected  for 
later),  then  Eq.  (18)  can  be  re¬ 
duced  to 

%  Ripple  ^  V2  5  X  100 
3  cos  4> 

For  a  single-section  filter  at  60  cps, 
Eq.  (19)  can  be  expressed  as 

%|RippleXiiCiX  10^=0.831  K^/cos4>  (20) 
and  for  a  two-section  filter 

%  Ripple  X^if/jCiCiX  10**  =  1.46  K^/co8<l> 

(21) 

A  plot  of  Eq.  (20)  and  (21)  which 
may  be  used  for  design  purposes  is 
shown  in  Fig.  7.  If  the  d-c  resis¬ 
tance  Rr  of  the  filter  chokes  is  not 
small  compared  to  Rl,  then  the 


values  of  percent  ripple  (LjCi) 
should  be  multiplied  by  (Rl  -f 
Rf)  / Rl’ 


Praetieal  Design  Procndnrn 


Ordinarily  in  the  design  of  recti¬ 
fier  and  filter  systems  the  output 
voltage,  current  rating,  and  percent 
ripple  that  can  be  tolerated  are  spe¬ 
cified  by  the  use  to  which  the  recti¬ 
fier  is  to  be  put,  and  it  is  the  prob¬ 
lem  of  the  designer  to  choose  circuit 
elements  that  will  allow  the  specifi¬ 
cations  to  be  met  in  the  most  eco¬ 
nomical  way.  Unfortunately,  when 
starting  with  the  output  or  load  re¬ 
quirements  some  cut-and-try  cal¬ 
culations  may  be  necessary,  though 
the  use  of  the  curves  in  Fig.  6  and  7 
will  reduce  the  amount  of  work 
qyite  appreciably.  Also,  single¬ 
phase  rectifiers  are  used  only  on  rel¬ 
atively  low-power  installations 
where  high  accuracy  in  the  design 
is  not  usually  necessary. 

While  the  equations  predict  that 
the  output  voltage  can  be  varied 
from  a  maximum  value  down  to 
zero,  it  is  obvious  from  a  study  of 
Fig.  6  and  7  that  it  would  require 
an  infinite  filter  to  do  so  if  low  per¬ 
centage  ripple  is  to  be  maintained. 
Practical  limits  on  the  maximum  de¬ 
lay  angle  range  between  60  to  70 
deg.  At  70  deg  the  output  voltage 
will  be  reduced  to  about  34  percent 
of  the  value  with  zero  delay. 

The  use  of  a  swinging  choke  for 
the  input  inductance  will  reduce  the 
cost  of  the  filter  considerably.  Also, 
since  the  percent  ripple  increases 
with  delay  angle,  the  required  LC 
product  should  be  calculated  for  the 
largest  delay  angle.  The  following 
examples  illustrate  the  design  pro¬ 
cedure  for  a  typical  rectifier. 


Examples 

Assume  the  load  requirements 
are  such  that  the  load  voltage  is  to 
vary  between  500  and  1000  volts 
with  a  maximum  percent  ripple  of 
0.5  percent,  and  that  the  load  cur¬ 
rent  is  to  vary  between  100  and  500 
milliamperes.  Neglecting  tube  and 
filter  voltage  drop  as  a  first  approxi¬ 
mation,  we  find  from  Fig.  6  that 
Edc/E„„  =  0.636  (for  <^  =  0),  or 
=  1000/0.636  =  1570  volts. 
From  Eq.  (10),  cos  =  500ir/ 
2x1570  =  0.5,  and  <f>„„  —  60*. 

From  Fig.  7,  for  <^  =  0,  (L„/Rr) 
X  10*  =  0.88.  Since  Rt  1000/ 
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—  10.  Therefore  tan  =  40/ 
108&K  =  0.00172,  or  =  1“  and 
Emms  =  1085it/2  cos  1®  =  1705  volts. 
Also,  E  =  1705/V2  =  1205  volts, 
which  is  the  full-load  voltage  rating 
of  the  transformer  secondary  from 
end  to  center-tap; 

To  calculate  from  Eq.  (10), 
500  +  0.5  X  2  X  75  -I-  10  =  (2  X 
1705/it)  cos  from  which  = 
57.2°.  Then  from  Fig.  7,  applying 
corrections,  (L,,/iJr)  X  10*  =  4.24 
(1  -f  10/500)  =  4.33,  and  Rr  = 
(500/100  X  10  *)  -f  150  =  5150 
ohms.  Therefore  L„  =  4.33  x  lO  * 
X  5150  =  22.3  henrys.  Also  from 
Fig.  7  for  «/>*„  =  57.2°,  percent  rip¬ 
ple  X  (L,L,C,C,)  X  10*  =  4.7 
(.Rl  4'  Rr) /Rtf  and  i^Ri.  4-  Rr)/ 
R,_  =  (1000  4-  150)/1000  since  this 
correction  should  be  calculated  for 
the  lowest  load  resistance  possible 
for  i.e.,  for  R^  =  500/0.5  = 
1000  ohms.  Then  L,£/,CxC,  =  1080 
for  0.5  percent  ripple. 

As  before,  if  L,  is  a  25-6  henry 


swinging  choke  and  C^.  and  C*  are 
each  4  /nf,  then  L,  =  1080/6  X  4  X 
4  =  li.25  henrys. 

It  can  be  seen  that  in  this  exam¬ 
ple  the  more  exact  calculation  gave 
practically  the  same  solution  as  the 
approximate  design  based  upon  the 
curves  with  no  corrections  except 
that  for  the  transformer  voltage. 
In  low-voltage  power  supplies,  how¬ 
ever,  it  would  be  well  to  make  an 
approximate  solution  from  the 
curves,  find  the  approximate  value 
of  Rr  and  then  recalculate  the  val¬ 
ues  as  was  done  above. 

The  curves  and  design  procedure 
have  been  checked  experimentally 
and  were  found  to  be  correct  within 
the  limits  of  experimental  error. 


(1)  stout,  M.  B.,  Wave  Forms  for  Half- 
Wave  Rectlflers,  Electronics,  Srat.  1989. 

(2)  Eastman,  “Fundamentais  of  Vacuum 
Tube^”  McGraw-Hill  Book  Co..  Kew  York, 
p.  187. 

(3)  Overbeck,  W.  P.,  Critical-Inductance 

and  Control  Rectlflers,  Proe.  SI. 

p.  655. 


75  volts.  Assuming  the  tube  drop 
is  10  volts,  the  actual  transformer 
voltage  required  would  be  (1000  4- 
75  4-  10)/0.636V2  =  1205  volts  ef¬ 
fective  each  side  of  center-tap. 

In  the  above  example  the  effect  of 
ignition  voltage  on  minimum  delay- 
angle  and  two  other  corrections 
mentioned  earlier  in  the  discussion 
were  not  considered  because  of  their 
small  effect.  However,  in  the  case 
of  low-voltage  high-current  recti¬ 
fiers,  these  corrections  would  have 
to  be  made  and  so  for  the  purpose 
of  illustration  they  will  be  calcu¬ 
lated  for  the  above  rectifier. 

It  will  be  noticed  from  Fig.  5(b) 
that  the  cathode-anode  potential 
difference  is  equal  to  twice  the 
transformer  voltage  at  the  instant 
of  firing,  and  hence  the  minimum 
value  of  <f>  is  the  value  that  will 
make  twice  the  instanteous  trans¬ 
former  voltage  equal  to  the  ignition 
voltage  of  the  tube.  If  FG-17  type 
thyratron  tubes  are  used  in  the 
above  application,  the  ignition  po¬ 
tential  will  be  approximately  40 
volts.  Hence  40  =  2E*„  sin  and 
also  from  Eq.  (10)  (include  the  filter 
drop  which  was  determined  from  the 
first  approximate  design),  1000  4- 
0  5  X  2  X  75  =  (2E„,Jtz)  (cos  d>„„) 


FIG.  7— Curves  for  determining  filter  constants  for  grid-controlled  rectifiers 
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Voltage /db 

CONVERSION  DEVICE 


Linear  polar-coordinate  graphs  are  readily  interpreted.  Plotted  data  need  not  be  normal¬ 
ized  and  the  size  of  the  time-saver  is  flexible.  An  antenna  radiation  problem  is  worked 

out  as  an  example 


By  EDWIN  DYKE 

Lear  Avia,  Inc. 
Grand-  Rapide,  Mich. 


POLAR-COORDINATE  CBAPHS  fol¬ 
lowing  any  fixed  E”  law  may  be 
readily  interpreted  in  terms  of  db 
by  means  of  the  two-piece  transpar¬ 
ent  plastic  conversion  device  illus¬ 
trated. 

The  function  of  piece  (a)  is  to 
set  up  a  proportionality  between  the 
db  scale  of  piece  (b)  and  the  plot¬ 
ted  graph.  Thus  the  graph  need 
not  be  normalized  and  the  size  of 
the  two  parts  of  the  conversion  de¬ 
vice  is  immaterial  so  long  as  they 
are  large  enough  to  fit  the  graph. 
Piece  (a)  can  be  made  up  readily 
by  ruling  squares  (any  convenient 
size)  on  a  transparent  sheet.  For 
piece  (b),  the  scale  shown  here  can 
be  transferred  to  a  strip  of  similar 
material.  Two  successive  photo¬ 
graphic  negatives  of  an  ink  drawing 
will  yield  an  excellent  transparency, 
often  called  an  “Ozalid  transpar¬ 
ency. 

Suppose,  for  example,  that  a  lin¬ 
ear-voltage  antenna  radiation  pat¬ 
tern  (such  as  the  one  shown  here) 
drawn  to  polar  coordinates  is  to  be 
converted.  Piece  (a)  of  the  device 
is  oriented  by  centering  its  upper 
left-hand  corner  over  the  center  of 
the  graph  with  the  aid  of  a  pin,  and 
is  then  rotated  to  any  convenient 
position. 

The  vector  of  maximum  ampli¬ 
tude  is  selected  as  a  reference  point 
V  and,  with  the  aid  of  the  nearest 
arc  on  the  graph,  is  traced  to  one 
edge  of  piece  (a)  as  shown  at  R. 
This  edge  of  piece  (a)  is  now  a 


fixed  reference  line.  At  the  refer¬ 
ence  line  the  arc  is  tangent  to  a  hor¬ 
izontal  line  on  piece  (a). 

With  piece  (a)  held  in  position 
as  described,  above,  piece  (b)  is 
oriented  by  centering  its  infinity 
calibration  (qo)  over  the  center  of 
the  graph,  again  with  the  aid  of  the 
pin,  and  then  rotating  piece  (b) 
until  0  db  intersects  the  tangent 
line  at  point  T. 

The  db  equivalent  of  any  voltage 


point  on  the  graph  may  now  be  read 
on  the  db  scale  of  piece  (b).  As 
shown  here,  for  instance,  the  db 
equivalent  of  point  P  is  determined 
by  following  an  arc  to  the  vertical 
reference  line  R,  following  a  hori¬ 
zontal  tangent  line  from  that  point 
to  the  calibrated  edge  of  piece  (b) 
and  reading  —7.5  db.  The  same 
curve  plotted  in  power  would  yield 
for  the  point  P,  —3.75  db,  obtained 
by  dividing  the  answer  by  2. 
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Follow  through!  In  our  business  too,  we  plan  and  develop 
on  idea,  our  engineers  and  laboratories  make  it  practical  and 
economical,  production  puts  it  over.  But  that's  not 
all,  field  engineers  contribute  their  share  of  "CINCH  FOLLOW 
THROUGH",  right  down  to  the  basic  mechanical  and 
electrical  applications  of  metal  plastic  assemblies  for  the 
Electronic  Industry.  Cinch  is  never  satisfied,  we  constantly  improvise, 
experiment,  pioneer,  mindful  that  leadership  and 
JL  follow  through  must  still  please  you. 


MANUFACTURING  CORPORATION 

233S  WasI  Von  Bwran  Slraal,  Chicago,  lllineii 
SUBSIDIARY  OF  UNITED-CARR  FASTENER  CORPORATION,  CAMBRIDGE,  MASS. 
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Dielectric  Heating  of  Tire  Cord  Sets  Twist 


Twist-setting  of  textile  yarns  with 
electronic  heating  is  being  accom¬ 
plished  by  Industrial  Rayon  Corp. 
in  a  new  process  invented  by  the 
company’s  technical  staff. 

The  twist  of  the  rayon  tire  cord 
is  set  by  submitting  packages  of 
the  cord  to  dielectric  heating.  Heat 
generated  in  the  cord  is  distributed 
so  uniformly  that  spools  or  cones 
containing  18  pounds  or  more  of 
rayon  tire  cord  may  be  effectively 
treated.  Such  giant  cones  are  used 
in  the  weftless  method  of  tire  con¬ 
struction. 

The  process  is  completed  in  a 
matter  of  minutes  and  results  in 
the  production  of  a  cord  in  which 
the  twist  is  uniformly  set.  Control 
of  the  moisture  content  of  the  cord 
may  be  facilitated  by  wrapping  the 
cones  of  cord  in  moistureproof 
paper  before  processing. 

The  equipment  originally  in¬ 
stalled  for  this  process  has  been  in 
operation  at  Industrial  Rayon’s 


Cleveland  plant  for  more  than  eight 
months  and  includes  high  fre¬ 
quency  power  generating  units  hav¬ 
ing  outputs  of  approximately 
22,500  BTU  per  hour  each.  They 
were  furnished  by  the  Girdler 
Corp.,  through  its  Thermex  Divis¬ 
ion,  and  each  .unit  is  capable  of 
handling  several  thousand  pounds 
of  packaged  tire  cord  in  a  24  hour 
period.  Additional  high-frequency 
twist-setting  units  are  to  be  in¬ 
stalled  in  two  other  plants. 

Patent  applications  covering  the 
use  of  high-frequency  heating  for 
twist-setting  of  textile  products 
generally,  including  tire  cord,  have 
been  assigned  to  Industrial  Rayon. 
The  new  process  is  also  being  used 
by  The  B.  F.  Goodrich  Company, 
under  license  from  Industrial 
Rayon,  in  connection  with  produc¬ 
tion  of  rayon  tire  cord.  Radio 
Corporation  of  America  supplied 
the  high  frequency  power  units 
used  by  Goodrich. 


Factory  layout  oi  dloloctric  hooting  equipment  used  for  setting  the  twist  oi  rayon 
tire  oord.  The  18>Ib  spools  of  cord  ore  wrapped  in  moistureproof  poper  for  control 
of  moisture.  The  operator  at  the  right  is  remoTing  plywood  coTors  that  were  placed 
OTor  the  spools  daring  passage  through  the  heating  chombers 


Rapid  Gas  Analysis 
for  Vapor  Control 

Many  industries  are  concerned 
with  the  problem  of  controlling  con¬ 
taminated  atmospheres.  Elaborate 
air-conditioning  systems,  special 
section  hoods,  etc.,  are  employed  in 
plants  to  draw  off  vapors  and  gases 
and  in  many  instances  workers 
wear  gas  masks  during  certain  op¬ 
erations.  In  spite  of  these  precau¬ 
tions,  it  is  usually  necessary  to 
make  periodic  checks  of  the  air  in 
various  parts  of  the  plant  to  deter¬ 
mine  whether  the  concentration  of 
the  volatile  substance  is  being  held 
within  the  safety  level. 

Most  gas  analyzers  require  15 
minutes  or  more  to  take  an  air 
sample  and  show  only  the  average 
ooncentration  of  the  gas  during 
that  period  of  time.  With  this  tech¬ 
nique,  momentary  high  peaks  escape 


The  carbon  disulfide  analyser  contains 
a  mercury  lamp  with  glass  enyelope 
remoyed  and  mounted  so  that  its  radia¬ 
tion  is  reflected  down  absorption  tubes 
to  photocells.  The  contaminated  air  is 
also  supplied  to  one  tube,  then  passed 
through  actiyated  charcoal  and  fed  to 
the  second  tube  for  comparison 

observation.  An  electronic  instru¬ 
ment  developed  at  E.  I.  du  Pont  de 
Nemours  can  run  continuous 
samples  and  give  direct  and  in¬ 
stantaneous  readings.  This  per¬ 
mits  accurate  second-by-second  ob¬ 
servation  of  the  vapor  level  in  each 
step  of  a  manufacturing  process. 

V.  F.  Hanson,  of  the  Electro¬ 
chemicals  Department  of  the  du 
Pont  Company,  designed  the  orig¬ 
inal  instrument.  A  modified  model, 
intended  particularly  for  carbon 
disulfide  analysis,  has  been  de¬ 
veloped  by  Dr.  Shirleigh  Silverman, 
assisted  by  Dr.  J.  W.  Ballou  and 
W.  H.  Warhus,  all  of  the  Rayon 
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MALLORY  Wire -Wound  RESISTORS 


'k  J)issipate  Heat  Rapidly 

★  Withstand 
Atmospheric  Conditions 

★  Prevent  Burnouts 
and  Failures 

★  Stay  Accurate 

★  Save  Time  and  Trouble 


For  itecurity — 
Buy  War  Bond* 


MALL()K\  resistors  are  serving  today  in  production. 

research  and  actual  battle  to  speed  the  moment  of 
victory.  Every  day  their  usefulness  increases  as  science, 
widening  the  field  of  electrical  and  electronic  development, 
builds  new  devices  for  controlling,  counting,  measur¬ 
ing,  detecting. 

You  can  depend  on  Mallory  resistors  to  give  long,  uninter¬ 
rupted  service.  The  wire-wound  units  give  maximum  wattage 
dissipation  and  are  strongly  resistant  to  humidity.  Available 
in  fixed  and  variable  types,  they  cover  eyerv  power  range 
from  10  watts  to  200  watts.  Mallory  variable  resistors  are  also 
stocked  in  a  wide  variety  of  sizes,  types  and  resistance  values. 

Whatever  your  needs  .  .  .  for  original  equipment,  process¬ 
ing,  servicing,  experimenting. . .  Mallorv  can  help  you  in  your 
resistor  problems.  We  invite  you  to  send  for  tbe  latest  data. 

For  standard  units  consult  your  nearest  Mallory  distributor. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


MALLORY  TYPE  "CA" 
VARIABLE  RESISTOR 

Insulated  contact  arm. 
Uiiwipates  2  watts.Total 
rotation.  280°.  Effective 
electriaal  rotation,  270°. 
Diameter,  inches. 


MALLORY  TYPE  "E** 
VARIABLE  RESISTOR 

(ir<Minded  contact  arm. 
Dissipates  9  watts.  Total 
rotation.  310°.  Effective 
electrical  rotation.  299°. 
Diameter.  2^  inches. 


Mallory 


FIXED  AND  VARIABLE 


RESISTORS 


Technical  Division  of  the  company. 
The  Mine  Safety  Appliance  Co.  is 
planning  to  manufacture  instru¬ 
ments  of  this  general  type. 

Operation  of  the  ultraviolet 
photometer  is  based  on  the  phenom¬ 
enon  of  light  absorption  by  gases. 
Most  gases  absorb  light  of  some 
particular  wavelength,  in  effect 
casting  a  shadow  where  that  par¬ 
ticular  wavelength  line  would 
otherwise  have  fallen.  In  a  spec¬ 
trum  that  shadow  is  known  as  an 
absorption  line.  Carbon  disulfide, 
for  example,  strongly  absorbs  light 
having  a  wavelength  of  3132 
Angstrom  units,  in  the  ultraviolet 
range. 

Comparison  System 

The  instrument  is  so  constructed 
that  the  air  to  be  analyzed  is 
pumped  through  several  small 
chambers,  which  filter  out  dust,  oil 
and  moisture,  and  thence  into  a 
pair  of  parallel  tubes,  about  31 
inches  long.  The  contaminated  air 
runs  into  the  first  tube  and  then 
through  a  canister  of  activated 
charcoal  which  removes  carbon 
disulfide,  and  passes  purified  air 
into  the  second  tube.  This  permits 
a  continuous  comparison  of  the 


EnginMn  in  tlw  Du  Pont  plant  chock  on 
tho  oificioncy  of  a  largo  onction  hooo 
usod  to  draw  off  iumoa  during  o  pro¬ 
duction  procou.  Tho  intako  hooo  of  tho 
analyxor  ia  hold  ot  tho  oporator'o  nooo 

lOTOl 

purified  with  the  contaminated  air 
and  very  minute  differences  may 
be  detected. 

Rays  of  ultraviolet  light  from  a 
mercury  iamp  pass  through  the  two 
tubes  and  fall  upon  a  sodium 
phototube  mounted  at  the  opposite 
end  of  each  tube.  A  vacuum-tube 
amplifier  follows  the  phototubes  and 
actuates  a  microammeter  for  read¬ 
ings. 

Filters  in  the  optical  system  have 
been  so  selected  that  about  60  per¬ 


cent  of  the  photometric  response  of 
the  cell  is  due  to  light  of  3132 
Angstrom  units  in  wavelength,  the 
light  which  carbon  disulfide  ab¬ 
sorbs.  No  other  atmospheric  ele¬ 
ment  has  been  found  in  plants 
where  this  instrument  is  used  that 
absorbs  either  this  band  of  light  or 
the  3650  Angstrom  unit  band, 
which  accounts  for  most  of  the  re¬ 
mainder  of  the  photocell’s  response. 
One  part  of  carbon  disulfide  in  a 
million  parts  of  air  will  produce 
an  absorption  of  0.02  percent. 

In  one  test,  61  readings  were 
made  during  the  nine  minutes  re¬ 
quired  to  open,  dump  and  clean  out 
a  large  vessel  in  which  material 
was  treated  with  carbon  disulfide. 
During  most  of  the  operation  the 
concentration  of  gas  remained  be¬ 
low  20  parts  per  million  and  older 
methods  of  analysis,  which  could 
give  only  the  average  for  this  en¬ 
tire  time  interval,  would  show  no 
danger  points.  However,  the  ultra¬ 
violet  photometer  revealed  that  the 
concentration  rose  to  60  parts  per 
million  at  one  moment  and  to  40 
at  another.  The  ventilating  equip¬ 
ment  was  therefore  modified  in  or¬ 
der  to  eliminate  these  peaks. 


Magnetic  Inspection  of  Bolts  and  Castings 


Th«  tub«i  on  tho  ponol  control  a  cumnt  impxilso  oi  40.000  amperes  ior  magnetizing 
bolts  and  castings.  The  transformer  is  mounted  on  trucks  to  permit  short  lead 
lengths  to  the  test  positioiu 


Electromagnetic  inspection  of 
bolts  and  other  parts  made  of  mag¬ 
netic  material  has  been  made  for 
some  time  at  the  Buffalo,  N.  Y. 
plant  of  the  Airplane  Division  of 
Curtiss-Wright  Corp.  The  equip¬ 
ment  used  for  this  purpose  shows 
up  flaws  and  cracks  and  can  handle 
part  sizes  ranging  from  small  bolts 
to  reasonably  large  castings. 

When  a  magnetic  substance  has 
electrical  current  passed  through 
it;  a  north  and  a  south  pole  are 
produced  at  each  crack  in  the  mate¬ 
rial.  When  finely  divided  iron  oxide 
in  solution  is  poured  over  the  mate¬ 
rial,  the  oxide  particles  adhere  at 
the  cracks  and  make  them  readily 
visible.  The  importance  of  such 
electromagnetic  inspection  opera¬ 
tions  in  the  production  of  aircraft 
has  long  been  considered  a  vital 
necessity  as  a  safety  measure. 

This  method  of  inspection  re¬ 
quires  a  large  amount  of  current 
and  this  has  been  obtained  from 
storage  batteries  in  the  past.  Main- 
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For  D.  C. — write  for  Series  15  bulletin.  For  A.  C. — write  for  Series  30  bulletin. 


The  Slrobo-Sp««d  lamp  slept  aclien  of  rapid  mevementi 
with  a  flosh  of  about  ont  thirly-theusandth  of  o  second.  One 
flash  oxcoods  in  light  inlonsily  the  illumination  of  2,000  kilo¬ 
watts  of  ordinary  tungsten  lamps.  Operates  on  115  volts, 
60  cycles,  A.C. 


THERE’S  A  JOB  FOR 

BT  GUARDIAN 

In  the  Lee  Strobo-Speed  lamp  a  rectifier  tube  is  employed  to  build  up  a  high 
charge  on  a  bank  of  condensers.  These  are  discharged  through  the  flash 
lamps  when  the  Guardian  Series  15  relay  is  energized.  This  special  applica¬ 
tion  illustrates  the  flexibility  of  design  incorporated  into  Guardian  relays.  The 
Guardian  standard  Series  15  was  selected  for  the  job  and  engineered  to  meet 
the  high  voltage  requirements  and  other  special  conditions. 

Another  Lee  Strobo-Speed  unit  with  three  flash  tubes  operating  from  three 
banks  of  condensers  also  employs  the  Series  15  relay.  In  this  application  the 
relay  is  equipped  with  additional  switches  to  handle  three  circuits  instead  of 
one.  Contact  switches  in  both  units  are  specially  insulated  to  withstand  the 
high  voltages. 

The  Series  15  is  a  compact  unit  having  a  maximum  switch  capacity  of  10 
pole,  single  throw  with  iVa  amp.  contacts;  6  pole  single  throw  with  8  amp. 
contacts;  4  pole  double  throw  with  12^2  amp.  contacts.  Coils  for  standard 
voltages  range  up  to  220  volts  and  may  be  equipped  with  copper  slug  time 
delay  on  release  or  attract. 
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Single  Flash  Tube,  Single  Circuit  Diagram. 

Consult  Guardian  whenever  a  tube  is 
used — however.  Relays  by  Guardian 
are  NOT  limited  to  tube  applications 
but  are  used  wherever  automatic  con¬ 
trol  is  desired  for  making,  breaking, 
or  changing  the  characteristics  of  elec¬ 
trical  circuits. 
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for  replacement  of  vacuum  tubes. 

With  the  vacuum  tube  power 
supply  as  a  source  of  current,  the 
hazard  of  fire  is  completely  elimi¬ 
nated  as  there  are  no  electric  arcs. 


Another  advantage  is  the  elimina¬ 
tion  of  lost  motion  due  to  i>eriodic 
shut  downs  previously  experienced 
during  battery  changeover  and 
charging  periods. 


tenance  cost  on  the  battery  equip¬ 
ment  has  run  approximately  $3000 
yearly.  To  cut  down  this  expense, 
A.  E.  Soderholm,  of  the  company’s 
engineering  staff,  started  work  on  a 
method  of  using  electronic  equip¬ 
ment  to  replace  the  batteries.  As  a 
result  of  his  research  and  study, 
electronic  units  were  built  to  speci¬ 
fication  by  General  Electric  Co. 

The  electronic  equipment  shown 
in  the  photograph  makes  available 
a  source  of  power  which  is  con¬ 
stant,  day  in  and  day  out,  at  a  fixed 


Flame-Failure  Control  of  Industrial  Furnaces 


Ip  the  flame  fails  in  furnaces 
fired  by  pulverized  coal,  oil  or  gas, 
electronic  flame-failure  safeguards 
can  prevent  the  development  of  ex¬ 
plosion  hazards.  In  its  simplest 
form,  the  equipment  shuts  off  the 
fuel  supply  and  attracts  the  oper¬ 
ator’s  attention  by  a  signal.  Such 
systems  may  be  modified  by  the  ad¬ 
dition  of  various  interlocks,  furnace 
purges,  automatic  ignition,  re¬ 
lights,  timers,  alarms,  and  other 
devices. 

Operation  of  the  equipment  de¬ 
pends  upon  detecting  a  flame’s  ex¬ 
istence  by  a  phototube  or  an  elec¬ 
trode,  or  both.  Furnaces  burning 
pulverized  coal  or  oil,  in  which 
flame  luminosity  is  light  yellow,  or 
brighter,  generally  use  the  photo¬ 
tube  detector.  Ordinarily  a  blue 
flame,  such  as  gas  burners  make, 
requires  an  electrode  detector 
which  is  a  conductor  of  electricity 
with  a  resistance  of  from  1  to  100 
megohms. 

At  flame  failure,  the  resulting 
change  in  the  current  through  the 


phototube  or  electrode  exxwsed  to 
the  flame  is  amplified  by  electronic 
tubes  to  the  desired  value.  The  cir¬ 
cuit  of  one  of  the  simplest  forms  of 
flame-failure  safeguards  is  shown 
in  Fig.  1.  This  system,  made  by 
Wheelco  Instruments  Co.,  is  used 
on  an  oil-fired  furnace  with  push¬ 
button  opening  of  the  fuel  valve  and 
manual  lighting  of  the  flame  with  a 
torch. 


Photoelectric  System 

The  diagram  shows  no-flame  con¬ 
ditions,  when,  for  example,  the 
flameguard  has  been  energized  but 
the  fuel  valve  is  still  closed.  The 
operation  of  the  circuit  can  be 
traced  by  assuming  transformer  in¬ 
stantaneous  polarity  as  shown.  Sec¬ 
ondary  Si  supplies  current  to  heat 
the  cathodes  of  the  twin  vacuum 
tube  T.  Transformer  secondaries 
S,  and  Ss  complete  a  circuit  from 
cathode  C  to  anode  A,  secondary  S,, 
resistor  i2„  and  secondary  Until 
there  is  a  flame,  phototube  P  is  in¬ 
active  and  there  is  no  potential  on 


Cracks  and  flows  in  nuts  and  bolts 
mode  risible  by  the  action  oi  heary 
current  from  racuum-tube  rectiiiers 
through  the  part  under  test.  Iron  ox¬ 
ide  collects  at  the  crack 


amperage.  By  the  use  of  thyra- 
trons  and  ignitrons,  a  current  im¬ 
pulse  of  40,000  amperes  is  available 
which  provides  deeper  penetration 
and  greater  concentration  of  the 
oxide-iron  particles.  The  estimated 
yearly  maintenance  cost  of  the  elec¬ 
tronic  equipment  is  $50,  principally 
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FIG.  2 — Circuit  of  a  flam*  protection  system  for  a  gas-fired  furnace.  Actuated  by  a  I 
fier  ore  a  solenoid-operated  pilot  Tolre,  main  gas  yalTe,  and  automatic  ignition.  T 

working  units  of  both  the  fuel  and  ignition  systems 
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When  that  Great  Day  dawns  you’ll  be  in 
the  market  for  new  types  of  components 
for  your  electronic  devices  now  in  the 
planning  stage.  Among  your  needs  will 
be  resistors  embodying  those  characteris¬ 
tics  which  the  new  applications  demand. 

For  months,  in  the  midst  of  war  produc¬ 
tion,  the  IRC  Engineering  Staff  has  been 
looking  ahead— designing,  adapt- 
ing,  testing,  perfecting— to  in-  ^ 
corporate  in  peacetime  re¬ 


sistors  special  features  developed  for 
war  uses  and  which  will  anticipate  in¬ 
dustry’s  future  requirements. 

Yes,  ”IRC  will  be  ready”  to  supply  re¬ 
sistors  df  a//  types  on  a  mass  production 
basis.  ...  In  the  meantime  and  without 
obligation,  our  Research  Engineering  De¬ 
partment  invites  you  to  discuss  with  them 
(confidentially,  of  course)  any  re- 
sistor  problems  connected  with 
*7  your  peace-time  production. 


RESSTANCE 


NAL 


NTERNAT 


grid  G,  consequently  current  can 
flow  between  cathode  C  and  anode 
A. 

The  voltage  drop  across  resistor 
!  Ri  puts  a  negative  potential  on  grid 
!  Gi.  How  this  potential  is  produced 
can  be  easily  seen  by  considering 
secondary  S»  alone.  If  a  connection 
were  made  between  grid  Gi  and 
cathode  Ci,  current  from  S,  would 
flow  from  grid  Gi  to  cathode  Ci,  then 
from  C  to  A,  and  back  to  S,. 

In  the  absence  of  the  connection 
betweenGi  and  Ci,  there  exists  a 
negative  potential  equal  to  that  of 
secondary  S»,  and  this  side  of  the 
tube  cannot  conduct.  As  a  result 
the  relay  coil  remains  dead,  a  cir¬ 
cuit  for  this  coil  being  through  sec¬ 
ondary  Si,  cathode  C„  anode  A„ 
secondary  and  back  to  the  relay, 
but  it  is  blocked  by  grid  G,. 

Relay  contacts,  therefore,  remain 
closed  in  the  position  shown,  and 
the  pilot  light  is  energized  through 
contact  Li  to  show  a  no-flame  con¬ 
dition. 

Valve  Open 

Closing  the  pushbutton  connects 
the  fuel-valve-opening  coil  across 
the  line.  This  valve  opens  and  when 
the  fuel  is  burning  with  sufficient 
flame  the  phototube  conducts  on  the 
reverse  transformer  polarity  from 
that  in  the  diagram.  This  circuit 
is  from  terminal  N  of  secondary  S„ 
the  relay  coil,  resistor  iJ»  to  ground 
through  the  phototube  resistors  R, 
and  Rt,  back  to  S*.  The  anode  of  the 
phototube  connects  between  R,  and 


Ri,  which  puts  a  negative  potential  I 
on  grid  G  equal  to  the  voltage  drop 
across  /2,  and  R,,  and  charges  ca¬ 
pacitor  D. 

When  the  polarity  of  the  trans¬ 
former  reverses,  capacitor  D  dis¬ 
charges  through  -  resistors  Rt,  R, 
and  Rt,  and  maintains  the  negative 
potential  on  grid  G  to  bloiflc  the  cir¬ 
cuit  between  cathode  C  and  anode 
A.  Blocking  the  circuit  removes  the 
potential  on  Gi,  and  the  right-hand 
side  of  the  tube  completes  the  relay- 
coil  circuit. 

This  circuit  is  from  S,  through 
cathode  C„  anode  A„  secondary  S,, 
the  relay  coil,  and  back  to  S,.  Ener¬ 
gizing  the  relay  coil  causes  it  to 
open  contact  L,,  to  extinguish  the 
pilot  light  and  close  contact  L,  to 
short-circuit  the  pushbutton  and 
put  the  fuel-valve  coil  circuit  di- 
i^tly  across  the  line.  When  the 
pilot  light  goes  out  the  operator 
knows  the  burner  has  been  lighted 
and  he  releases  the  pushbutton. 

Flame  Failure 

If  for  any  reason  the  flame  fails, 
the  phototube  becomes  inoperative 
and  removes  the  negative  potential 
from  grid  G.  Current  can  again 
flow  from  cathode  C  to  anode  A  to 
give  grid  G,  a  negative  potential 
and  block  the  right-hand  side  of 
this  tube,  as  previously  explained. 
Since  the  circuit  is  blocked  between 
Cl  and  Ai,  the  relay  coil  deenergizes, 
to  open  contact  L  and  close  L,.  The 
former  opens  the  fuel-valve-coil  cir¬ 
cuit,  and  this  valve  closes  to  shut 
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FIG.  1 — Simpl*  llamc-iailur*  tyttam  for  an  oil-iiind  iurnac*.  A  pushbutton  opons  a 
solonoid-<^oratod  fuel  toIt#  and  the  flame  is  Ut  manually  with  a  torch 


The  No.  10060 
Shaft  Lock 


Another  exclusive  Millen  "Designed 
for  Application"  product  is  the  No. 
10060  shaft  lock.  This  differs  from 
the  self-mounting  No.  10061  unit  in 
that  it  is  mounted  on  a  cross  arm 
which  can  readily  be  attached  to 
variable  condenser  frames,  brack¬ 
ets,  etc.,  for  "behind  the  panel" 
applications. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 
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in  Hearing  Aids 


A  vital  component  of  the  Hearing  Aid  is  the  Microphone  which  must 
be  small,  light,  moisture-proof  and  possess  the  frequency  response  adapted 
to  the  Hearing  Aid  Device.  Often  the  Microphone  must  be  chosen  to  fit 
the  threshold  of  hearing  of  the  patient.  Shure  Research  has  succeeded 
so  well  in  controlling  the  frequency  response  and  output  level  of  small 
size  Hearing  Aid  Microphones  that,  today,  Shure  Brothers 
produces  microphones  for  practicaUy  every  major 
manufacturer  of  Hearing  Aids. 


SHURE  BROTHERS9  335  West  Street,  CUcage 

Designers  and  Manufacturers  qf  Microphones  and  Acoustic  Devices 
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off  the  oil.  Closing  of  contact  Li 
lights  the  pilot  lamp  to  signal  the 
operator  that  the  fire  is  out. 

To  prevent  the  relay  dropping  out 
during  transient  flame  distur¬ 
bances,  such  as  puffs  and  flickering, 
that  temporarily  shut  light  off  from 
the  phototube,  a  capacitor  D,  con¬ 
nects  across  the  relay  cotl.  Time 
delay  in  relay  opening  after  its  coil 
circuit  is  blocked  depends  on  the 
size  of  the  capacitor  and  the  charge 
on  it  just  before  flame  interruption. 
This  time  can  be  adjusted  but  if 
insufficient  to  overcome  effects  of 
transient  flame  disturbances,  it  may 
be  lengthened  by  increasing  capaci¬ 
tance. 

Flame  Conduction  Type 

Figure  2,  a  gas-burning  system 
developed  recently  by  Brown  In¬ 
strument  Co.,  includes  a  flame-elec¬ 
trode,  main  gas  burner,  pilot  burner 
and  automatic  ignition.  The  control 
part  of  the  system  uses  two  twin 
vacuum  tubes,  T  and  T,.  Assume 
no-flame  conditions  with  the  line 
switch  closed.  The  cathodes  of  the 
two  tubes  are  heated  and  the  pilot 
light  energized  from  the  trans¬ 
former  secondary  Ss,  as  indicated 
by  the  arrowheads.  Secondary  S, 
completes  a  circuit  through  resistor 
cathode  Ci  and  anode  Ai  of  tube 
T,  back  to  Si.  Under  this  condition 
grid  G  does  not  have  a  negative  po¬ 
tential  and  this  side  of  the  tube  con¬ 
ducts  when  the  polarity  of  second¬ 
ary  S»  is  the  reverse  of  that  shown. 
This  circuit  is  from  terminal  M  of 
secondary  St  to  cathode  C,  anode  A, 
through  resistor  /S,,  back  to  S>  Volt¬ 
age  drop  across  iJ«  puts  a  negative 
potential  on  the  grids  of  tube  T,  to 
block  the  relay-coil  circuit.  This 
circuit,  when  not  blocked,  is  from 
terminal  N  of  secondary  S4  through 
the  relay  coil,  secondary  S2,  cath¬ 
odes  Ct,  anodes  A*,  back  to  S,. 

Ignition  of  Pilot 

Closing  the  start  button  com¬ 
pletes  the  circuit  from  the  line 
through  the  ignition  coil,  contact 
L„  start  and  stop  buttons,  back  to 
the  line,  as  indicated.  A  circuit  is 
also  completed  through  the  pilot- 
valve  coil,  the  start  and  stop  but¬ 
tons,  to  the  line.  The  pilot  valve 
opens  and  the  ignition  system  lights 
the  pilot  flame  and  it  contacts  the 
electrode.  Then  a  circuit  is  com¬ 
pleted  from  secondary  &  through 
the  flame,  the  flame  electrode,  re- 
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PLAN  YOUR  FASTENINGS  IN  THE  PRODUCT  DESIGN  STAGE 
TO  SAVE  ASSEMBLY  HEADACHES 


Cold-forging”  — proof  #23 
.  .  .  more  each  month 


The  cold-forged  pari  illuslraled  was  designed  early  in 
ihe  product  design  stage,  thereby  eliminating  unnec¬ 
essary  assembly  problems.  A  saving,  too,  was  effected 
— a  saving  in  money — materials — motions — for  the 
part  was  cold-forged  by  Scovill. 

Many  Scovill  customers  have  profited  by  planning 
early  and  choosing  the  fastenings — special  or  standard 
—  that  meet  their  exa’ct  requirements.  They  have  called 
in  a  Scovill  Fastenings  expert  to  help  them  determine 
the  best  kind  of  fastenings  to  use — one  of  our  featured 
standard  fastenings,  or  a  part  specially  designed  to  fill 
their  specific  need. 

Each  day  the  practical  problems  of  reconversion  and 
postwar  production  draw  closer — now  is  the  time  to  let 
Scovill  ingenuity  in  cold-forging  and  special  design 
serve  you.  Call  today  for  a  Scovill  Fastenings  expert  to 
help  you  decide  on  the  exact  modern  fastening  that 
will  meet  your  specific  need. 


3  Standard  Fastenings  for  Prodnction  EfficiencY 


I  Phillips  Recessed  Head  Screws  Q  Self-Tapping  Machine  Screws—  ■7  Washer-Screw  Assemblies— 

" — The  modem,  effective,  time-sav-  "  Eliminate  separate  tapping  opera-  ^Wherever  the  use  of  lock 

ing  fastening  device  proven  in  tens  tions  in  making  fastenings  to  castings,  washers  is  indicated,  the  time-sav- 

of  thousands  of  assembly  lines.  heavy  gauge  sheet  metal,  and  plastics,  ing  of  pre-assemblies  is  obvious. 


Scovill  Manufacturing  Company 

WATERVILLE  products 


SCREW  division 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 


COMMUNICATION 

MEASUREMENTS 

LABORATORY 

Rotobridgie  •  Electronic  Generators  •  Power  Supply  Uifits 
120  GREENWICH  ST.,  NEW  YORK  6,  N.  Y. 


Source 


Searching 


h  Is! 

eemuTo, 


K CML  Electronic  Generators 

.  ore  generating  hundreds  of 

£  kilowatts  of  power — through 

^  wide  frequency  range — for 

scores  of  manufacturers.  The  Model 
1400.  especially  valuable  for  complete 
tests  on  the  production  line,  delivers  1400  watts  of  power  from 
300  to  3500  cycles  single  phase.  Regulation  from  no  load  to 
full  load  is  within  4%.  Maximum  distortion  with  a  resistive 
load  is  within  10%. 

This  generator  includes  a  variable  frequency  oscillator  fol* 
lowed  by  several  driver  stages.  The  output  stage  employs  a 
pair  of  833-A  tubes  in  Class  B.  The  CML  1400  overcomes  the 
usual  control  difficulties  of  this  type  of  high  impedance  power 
source  by  means  of  a  special  control  circuit  which  maintains 
output  voltage  at  a  substantially  constant  level  from  no  load 
to  full  load. 


sistor  Rt,  cathode  Ci  and  anode  A„ 
back  to  Si. 

Grid  G  connects,  through  resistor 
Rt,  between  the  electrode  and  resis¬ 
tor  Rt  which  puts  a  negative  po¬ 
tential  on  this  grid  to  block  the  cir¬ 
cuit  from  cathode  C  to  anode  A.  Ca¬ 
pacitor  .£>  is  also  charged  and  when 
the  polarity  of  the  transformer  re¬ 
verses,  the  capacitor  discharges 
through  resistor  R,  and  maintains 
a  negative  potential  on  grid  G  to 
block  the  circuit  through  Rt  and 

Absence  of  current  through  J2« 
removes  the  negative  potential 
from  the  grids  of  tube  Ti,  and 
the  relay  coil  is  energized.  The  cir¬ 
cuit  for  this  coil  is  through  second¬ 
ary  S„  cathodes  C„  anodes  A„  sec¬ 
ondary  St  and  the  relay  coil.  Ener¬ 
gizing  this  coil  opens  contacts  L, 
and  Lt  and  closes  contact  Lt.  Open¬ 
ing  contacts  L,  and  L.  opens  the 
pilot-lamp  and  ignition-coil  circuits, 
but  the  pilot  valve  is  held  open  by 
the  circuit  through  the  pushbutton. 
When  the  pilot  light  goes  dark,  it 
denotes  that  the  pilot  flame  has 
been  established  and  has  contacted 
the  electrode. 


Main  Flame 


Closing  contact  L,  completes  the 
main  gas-valve  coil  circuit  from  the 
right-hand  side  of  the  line,  through 
the  main  gas-valve  coil,  contact  Lt, 
the  stop  button,  then  to  the  left- 
hand  side  of  the  line.  This  valve 
opens  and  the  operator  holds  the 
start  button  closed,  releasing  it 
when  the  main  burner  ignites.  The 
main  valve  circuit  remains  closed 
through  contact  Lt  and  the  stop  but¬ 
ton.  As  long  as  the  flame  contacts 
the  electrode,  the  relay  holds  its 
contacts  closed  to  the  flame  position. 

Should  the  flame  fail  for  any  rea¬ 
son,  it  will  remove  the  negative 
potential  from  grid  G.  This  tube 
will  again  complete  the  circuit  for 
secondary  St  through  resistor  Rt,  to 
make  the  grid  of  Ti  negative  and 
block  the  relay  coil  circuit.  Its  con¬ 
tacts  then  return  to  the  start  posi¬ 
tion  and  break  the  main  gas-valve- 
coil  circuit  through  contact  L„  after 
which  the  valve  closes.  The  system 
then  remains  in  a  safe  no-flame  po¬ 
sition  until  the  start  button  is 
pressed,  when  the  operations  just 
described  repeat. 

During  normal  operation,  pressing 
the  stop  button  opens  the  main  gas- 
valve  coil  and  this  valve  closes.  The 
operator  holds  the  button  open  until 
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6LEC 


DIAMOnO 

inSTRUMCHT  CO. 


NORTH  AVENUE  •  WAKEFIELD,  MASSACHUSETTS 


•1 


C9-AXIAL  CONNECTORS  TO  '^AN'^  SPECIFICATIONS 

Performance-proved  in  specialized  high-frec^ency  applications  —  where 
only  the  finest  is  acceptable  —  DICO  co-oxial  connectors  ore  now  avail¬ 
able  for  additional  service  to  the  electronic  industry.  A  catalog  will  be 
furnished  at  your  request;  please  give  type  designations  of  the  connectors 
you  require. 

EHfilHEIRlNG  •  DESIGNING  •  CASTING  •WELDING  •  MACHINING  •  SILVER  SOLDERING  •  PLATING  •  ASSEMBLING 


lECTRONICS  — Sepfem&er  1944 


he  sees  the  pilot  lamp  light,  when 
he  knows  that  the  equipment  has 
returned  to  safe  no-flame  i)osition. 

If  the  electrode  were  to .  bend 
down  and  touch  the  gas  burner  it 
would  form  a  closed  circuit  td 
ground  the  same  as  when  a  flame 
exists.  This  danger  is  provided 
against*  because  when  .the  .electrode 
grounds,  capacitor  D  discharges  so 
rapidly  that  the  potential  on  grid  G 
decreases  to  where  its  side  of  the 
tube  conducts  and  makes  tube  7, 
grids  negative  to  block  this  tube. 
The  tube  then  acts  the  same  as 
when  the  flame  extinguishes;  the 
relay  opens  its  contact  to  close  the 
fuel  valve  and  light  the  pilot  light. 
This  system  is  therefore  protected 
against  either  breaking  or  short- 
circuiting  of  the  electrode.  If  the 
electrode  breaks  and  does  not  con¬ 
tact  the  flame,  it  creates  no-flame 
cbnditions  to  close  the  main  fuel 
valve  automatically.  Grounding  the 
electrode  also  closes  the  fuel  valve. 


Industrial  Applications 
of  the  Fluoroscope 

A  COMPARISON  of  radiographic  and 
fluoroscopic  techniques  that  have 
been  developed  as  part  of  the  ex¬ 
pansion  of  industrial  x-ray  use 
since  the  start  of  the  war  was  made 
by  R.  W.  Mayer  of  Kelly-Koett  Mfg. 
Co.  in  addressing  the  Pittsburgh 
section  of  the  American  Industrial 
Radium  and  X-ray  Society.  He 
pointed  out  that  the  Government,  as 
a  customer,  will  not  be  in  the  pic¬ 
ture  to  require  x-ray  inspection  of 
airplane  castings,  tank  welds,  ar¬ 
mor  plate,  etc.,  from  the  sole  stand¬ 
point  of  safety — although  there 
might  be  some  government  safety 
regulations  calling  for  x-ray  in¬ 
spection  of  certain  vital  parts  of 
airplanes  used  as  public  carriers. 

“Many  industrial  x-ray  users  who 
started  using  the  equipment  orig¬ 
inally  because  of  government  re¬ 
quirements,  have  learned  the  value 
of  inspection  beneath  the  surface 
for  the  information  it  provides,  en¬ 
abling  them  to  improve  quality, 
reduce  costs  and  save  labor.  It  is 
likely  that  these  users  will  pass 
along  what  they  have  learned  and 
establish  acceptance  standards  of 
their  own  on  purchases  of  castings, 
welded  parts  and  assembled  units. 

Equipment 

“One  contribution  to  industrial 
x-ray  expansion  is  the  improvement 


Inspection  of  the  construction,  equipment, 
and  manning  of  American  ships  is  a  serious 
duty  of  the  U.  S.  Coast  Guard  to  promote 
the  safety  of  life  and  property  at  sea. 
Thorough  inspection  of  Transformers 
is  as  important  at  Jefferson  Electric  as  the 
designing,  engineering,  and  construction, 
-inspection  that  cuts  to  a  minimum  the  need 
of  replacements  in  the  field,— 
inspection  that  begins  with  the  raw 
materials  and  continues  up  to  final  shipment. 

Such  thoroughness  plus  control  of 
manufacture  of  all  parts  insure  Trans¬ 
formers  of  uniform  quality  in  large 
scale  production.  JEFFERSON  ELEC¬ 
TRIC  COMPANY,  Bellwood  (Suburb 
of  Chicago),  Illinois.  In  Canada: 
Canadian  Jefferson  Electric  Co.,  Ltd., 
.  384  Pape  Avenue,  Toronto,  Ontario. 
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IF  SO,  it  is  one  of  the  stations  to  which  we  have  shipped 
Faradon  Condensers  during  the  past  two  years.  RCA  is 
mighty  "proud  of  the  record  number  of  these  wartime  orders 
which  have  been  handled.  It’s  a  record  made  at  a  time  when 
condensers  of  the  type  used  by  broadcast  stations  have  been 
very  hard  to  get  for  other  than  direct  military  use. 

How  was  this  record  accomplished?  By  rebuilding  units,  by 
substituting  condenser  sizes  and  types.  By  rearranging  sched¬ 
ules  and  by  exhausting  levery  possible  stock  of  spare  units. 

Why  did  we  do  this?  Because  we  had  a  peacetime  reputation 
for  helping  our  broadcast  customers — a  reputation  RCA 
wanted  to  keep.  W'^e  knew  we  wouldn’t  be  able  to  fill  broad¬ 
casters’  orders  for  the  shiny  new  things  they  would  like  to 
buy.  But  we  could  "keep  them  on  the  air” — and  we  have! 

RCA  Faradon  Condensers  have  a  reputation  for  durability, 
stamina  and  continuous  service.  Here  is  a  quality  product 
by  /jrewar  standards.  Craftsmen,  long  experienced  in  the 
intricacies  of  condenser  manufacture,  supervise  Faradon 
Condenser  production.  Postwar,  a  complete  line  of  RCA 
Faradon  Condensers  will  be  available  for  every  purpose. 

RCA  BROADCAST  EQUIPMENT  SECTION 


RADIO  CORPORATION  OF  AMERICA 

RCA  VICTOR  DIVISION  .  CAMDRN,  N.  J. 

LEADS  THE  WAY  .  .  In  Radio  .  .  Television  .  .  Tubes 
Phonographs  .  ,  Records  .  Electronics 


NICS 


BrooMyn.  N.  ^ 

,  Philadelphia 


857  V.eeHer  Avenue  •  ' 

.  Los  Angeles  • 


1H[  INSl  X  CO  .  Inc . 

Oclroil 


Chicafio 


of  presently  available  types  of  x-ray 
machines  and  the  creation  of  new 
machines  and  accessory  devices  as 
our  own  knowledge  increases. 
Progress  thus  far  has  been  much 
greater  along  the  lines  of  straight 
radiography  than  on  fluoroscopy. 
The  reason  for  this  is  that  x-ray 
has  been,  for  years,  a  to<4  lor  the 
medical  profession  and  equipment 
and  medical  traditions  have  been 
carried  over  into  industry.  For  ex¬ 
ample,  the  standard  medical  size 
14  X  17  in.  film  is  just  about  right 
for  the  human  torso,  but  no  engi¬ 
neer  would  have  established  such 
dimensions,  although  they  happen 
to  work  out  very  satisfactorily. 

“Medical  x-ray  equipment  for 
radiography  required  only  minor 
modification  for  industry,  but  the 
medical  fluoroscope  is  another  mat¬ 
ter.  The  principal  reason  for  the 
slow  development  of  the  fluoroscope 
in  medicine  is  the  limit  of  x-ray 
that  a  patient  can  stand  with 
safety.  Medical  machines  are  made 
to  cut  back  automatically  to  5  mil- 
liamperes  when  used  for  fluoro¬ 
scopy,  and  the  radiologist  is  ex¬ 
tremely  careful  to  restrict  the  time 
that  a  patient  is  exposed. 

“For  some  time  the  fluoroscope 
has  been  used  to  spot  the  presence 
of  foreign  bodies  in  packaged  food, 
tobacco,  soap,  cereals,  etc.  One 
large  manufacturer  of  chewing  to¬ 
bacco  experienced  labor  troubles 
and  when  the  strikers  left  their  jobs 
they  tossed  nails,  hairpins,  and 
other  foreign  articles  into  the  pile 
of  unpackaged  tobacco.  That  to¬ 
bacco  company  now  has  a  fluoro¬ 
scope,  and  a  girl  observes  and 
checks  every  package.  There  is  no 
difficulty  in  detecting  such  impuri¬ 
ties  since  they  are  usually  metallic 
or,  at  least,  of  a  density  vastly  dif¬ 
ferent  from  the  pure  article,  and 
fall  under  the  general  heading  of 
gross  defects.  The  only  problems 
on  such  inspection  are  those  of  a 
mechanical  nature. 


CINCE  1940  Insl-x  chemists  have  been 
^  cooperating  with  our  armed  forces 
in  developing  satisfactory  fungicidal 
materials  for  electrical  and  electronic 
applications.  Phenyl  mercury  salts,  now 
proven  to  be  the  most  efficient  toxi¬ 
cant,  were  developed  by  Insl-x.  We  are 
proud  that  other  manufacturers,  in  an 
effort  to  give  our  armed  fofces  the 
best,  are  following  in  our  footsteps. 


Capacitor  with 
standard  was 
altar  5  days 
actual  axposura. 


•  Non  toxic  to  humans — Official  tests 
show  Insl-x  will  not  cause  dermatitis. 

•  Non-corrosive  to  metals. 


COMPLETE  LINE  OF  FUNGICIDES 
for  Eleetrieal  &  Electroiie  Maiofactorers 


CsipacHor  sdlli 
INSi-X  l-lt 
fraatad  was 
altar  S  days 
actual  axposura. 


Insl'X  25A  —  Ovarall  coating.  Maats  Signal  Corps 
Spac.  71 .2202 A  datad  4/12/44. 

Insl-x  2SX  —  Sama  as  abova  but  highly  flaxibla. 

Insl-x  9ST  —  For  phanolics.  For  motors  and  ganar- 
ators.  Parfact  adhasion.  Moistura  proof. 
Pravants  laakaga  paths. 

Insl-x  l-IT  — •  Tha  first  affactiva  fungicidal  concantrata 
for  waxas.  Will  not  vaporiza  or  losa 
potancy  at  bath  tamparaturas.  (Saa  cuts.) 

Insl-x  200T—  Hot-malt  matarial  conforms  to  S.C.  72-95. 


Improved  Sensitivity 

“Fluoroscopic  inspection  permits 
instant  separation  of  the  good  from 
the  bad — no  waiting  for  films  to  be 
developed  and  dried,  no  film  at  all, 
no  dark  room,  no  delay.  Savings 
mount,  costs  go  down,  and  for  these 
reasons  there  have  been  many  at¬ 
tempts  to  widen  the  field  of  appli¬ 
cation  of  the  fluoroscope,  but  the 
stumbling  block  has  always  been 
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CENTRALAB'S 
CERAMIC 
TRIMMERS 
are  easily  ad 
justed  by 
means  of  a 
screw  driver. 


levVs®^  ]  .«vOi  d 


Producars  of  Variable  Re¬ 
sistors  *  Selector  Switches 
*  Ceramic  Capacitors, 
Fixed  and  Variable  * 
Steatite  Insulators. 
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Available  Soon— Order  New  Inch  paper  or  film:  Recording 

speeds  quickly  adjustable:  Auto¬ 
matic  record  length  control:  Au¬ 
tomatic  record  numbering:  Simul¬ 
taneous  viewing  and  recording: 
Ten  channels:  Galvanometers  avail-  All  controls  convenient  on  top 

able  covering  wide  range  of  char-  panel.  Early  delivery.  Hathaway 

acteristics:  Daylight  loading  of  6-  Instrument  Co., ‘Denver,  Colorado. 


The  ideal  instrument  for  portable 
us€,  such  as  geophysical  work,  field 
testing,  and  aviation  flight  testing. 


Write  for  Bulletin  and  Prices 


lack  of  sensitivity.  Until  very  re¬ 
cently,  a  sensitivity  of  16  percent 
was  considered  normal,  10  percent 
good,  and  under  very  unusual  cir¬ 
cumstances,  8  percent  might  Im* 
seen.  Today,  these  limits  can  bt* 
just  alj^ut  cut  in  half  and  a  sensi¬ 
tivity  of  6  percent  or  better  can  be 
counted  on  as  a  regular  day  in  and 
day  out  production  standard. 


Limitations 


“It  is  well  to  recognize  some  of 
the  inherent  limitations  of  fluoro¬ 
scopy.  In  the  first  place,  radio- 
graphic  technique  charts  on  pene¬ 
tration  do  not  apply.  Considerably 
higher  voltages  are  required  on  a 
fluoroscope  than  on  a  film.  The  time 
factor,  which  permits  the  effect  of 
the  x-rays  to  accumulate  on  film, 
is  totally  absent  on  the  fluoro¬ 
scopic  screen.  The  screen  shows 
only  the  instantaneous  image.  True, 
there  is  some  “after  glow”,  but 
that  is  a  different  phenomenon 
entirely. 

This  limitation  immediately 
translates  itself  into  a  limit  of 
thickness  that  can  be  fluoroscoped 
because  it  is  not  practical  to  use  a 
unit  of  more  than  220  kv  or  250  kv 
capacity  for  fluoroscopy.  The  rea¬ 
son  for  this  limit  is  principally  a 
matter  of  safety.  As  the  voltage  is 
increased  over  these  limits,  there 
must  be  more  than  a  proportionate 
increase  in  the  thickness  of  lead 
and  lead  glass  of  the  viewing  cabi¬ 
net.  Moreover,  with  fluoroscopy 
the  x-ray  is  left  turned  on  for  a 
much  longer  period  of  time  than  is 
the  case  with  radiography,  which 
increases  the  importance  of  provid¬ 
ing  adequate  protection.  Our  in¬ 
dustrial  laboratory  has  found  the 
practical  limits  to  be  approximately 
2"  of  aluminum  and  approximately 
i"  of  steel. 

“A  second  limitation  is  sensitiv¬ 
ity.  Radiographic  penetrameters 
are  based  on  2  percent  sensitivity 
although  on  good  radiographic 
work,  flaws  on  the  order  of  1  per 
cent  can  be  shown.  While  some  ex 
cellent  sensitivity  claims  have  been 
made  on  the  part  of  reliable  ob 
servers,  we  prefer  to  state  that  the 
fluoroscope  is  practical  for  sensi 
tivities  of  6  percent  and  a  little 
better,  at  this  time. 

“Thirdly,  the  fluoroscopic  screen 
provides  no  permanent  record.  The 
results  obtained  are  in  what  the  ob 
server  sees  and  if  a  check  is  re 
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actly  met  all  the  operating  conditions . . . 
and  another  military  device  was  on  its 
way  to  help  win  the  war. 

Today,  Holtzer 'Cabot  is  designing  and 
building  special  fractional  HP  motors  for 
war  products,  only.  However,  our  moUM* 
development  engineers,  backed  by  over  50 
years  of  experience  in  «lectric  motor  de¬ 
sign  will  gladly  cooperate  with  you  on 
your  motor  requirements  and  problems 
for  post-war  products. 


Recently,  a  manufacturer  building 
secret  military  apparatus  called  for  a 
small,  compact  electric  motor  that  pro¬ 
vided  unfailing,  uniform  slow  speed. 
Since  standard  "off  the  shelP’  gear  motors 
could  not  meet  the  strict  performance 
and  design  specification,  the  only  solution 
was  a  special  motor. 

Holtzer-Cabot  motor  development  en¬ 
gineers  tackled  the  job  and  designed  a 
special  synchronous  gear  motor  that  ex¬ 
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E/ocfrleof  Apparafus 
fWkf  N.'  T..  Philadelphia.  Pa. 
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ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Manufacturers  af  CUSTOM  BUILT  RADIO  APPARATUS 


At  present,  ERCO  research  and  engineering  are  devoted  to  highly 
intricate  wartime  assignments.  This  expert  technical  knowledge,  com¬ 
bined  with  long  experience  in  designing  and  building  radio  equip¬ 
ment,  should  be  of  value  to  you  in  developing  your  postwar  plans. 
Whether  you  will  need  custom  radio  apparatus  to  meet  new  condi¬ 
tions  or  component  parts,  ERCO’S  specialized  skill  and  inventiveness 
can  be  applied  to  help  your  future  progress. 

The  broad  acceptance  of  ERCO  products  today  by  U.  S.  Goverh- 
ment  departments.  Pan  American  Airways,  Socony- Vacuum,  Grum¬ 
man  Aircraft,  Republic  Aviation,  and  other  prominent  organizations 
who  demand  only  the  finest  in  radio  equipment,  reflect  the  quality 
of  ERCO  talent. 


July  20th  a  Star  was  added 


quired,  other  means  must  be  used. 

“Fourthly,  the  degree  of  success 
with  fluoroscopy  depends  on  per¬ 
sonal  factors  to  a  greater  degree 
than  is  the  case  with  radiography. 


Advantages 


“These  limitations  have  been 
listed  in  order  to  make  it  clear  that 
fluoroscopy  must  not  be  considered 
a  complete  substitution  for  radio¬ 
graphy.  In  the  final  analysis,  the 
fluoroscope  has  definite  advantages 
of  time  and  cost  and  also  has  cer¬ 
tain  exclusive  advantages  of  its 
own.  For  example,  a  radiograph 
provides  a  picture  in  only  one  plane, 
but  in  a  fluoroscope  the  part  can  be 
rotated  which  provides  a  third  di¬ 
mension  to  definitely  fix  the  loca¬ 
tion  of  the  defects.  Also,  certain 
tjrpes  of  defects,  such  as  cracks 
and  fissures  will  only  appear  on  a 
film  if  the  part  is  so  placed  that  the 
plane  of  the  crack  lines  up  with  the 
direction  of  the  x-ray  beam.  The 
chances  are  very  slim  indeed  of  be¬ 
ing  able  to  place  a  part  on  film  in 
exactly  such  a  position,  but  in  a 
fluoroscope  the  part  can  be  twisted 
and  turned  until — suddenly — there 
it  is. 

“On  most  applications,  fluoro¬ 
scopy  will  find  it's  greatest  walue  as 
a  supplement  to  radiography  rather 
than  to  be  used  alone.  That  is,  the 
ultimate  in  an  inspection  set  up — 
that  lends  itself  to  fluoroscopy  at 
all — is  a  combination  layout  ar¬ 
ranged  to  provide  ready  change¬ 
over  from  one  to  the  other  without 
sacrificing  any  of  the  advantages 
of  either. 


Needs 


“Let  us  consider  what  this  in¬ 
volves.  A  fluoroscopic  screen  is  ob¬ 
served  through  lead  glass  and  the 
only  practical  arrangement  involves 
the  use  of  some  sort  of  lead  lined 
cabinet  with  lead  glass  viewing 
window.  Since  such  a  cabinet  must 
have  all  the  elements  of  protection 
required  for  radiography,  and 
since  the  same  x-ray  generating 
equipment  can  be  used  for  both 
fluoroscopy  and  radiography,  it  be¬ 
comes  unnecessary  to  construct  a 
separate  lead  lined  radiographic 
room  provided,  first,  that  cabinet 
be  designed  to  be  adaptable  for 
either  radiography  or  fluoroscopy; 
and,  second,  that  the  control  do 
double  service. 

“For  the  control  unit  two  things 
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The  enviable  engineering  tradition  on  which  the 
foundation  of  the  North  American  Philips  Com* 
panv,  Inc.,  rests,  is  reflected  in  the  superior  quali^’  and 
performanceofelectronictubes  bearing  the  NORELCO 
stamp.  Contributing  to  the  long  life  and  uniform 
characteristics  of  these  tubes  are  many  exclusive  manu* 
facturingtechniques  and  inspection  methods  developed 
over  a  long  perira. 

Among  the  types  we  now  manufacture  —  some  of 
which  are  illustrated — are  a  number  of  special-purpose, 
cathode-ray  and  transmitting  tubes  fur  nigh  and  ultra- 
high  frequency  applications,  r-fand  a-f  power  amplifier 
tubes,  and  low-  and  high-power  rectifiers.  Although 
all  the  tubes  we  produce  now  go  to  the  armed  forces, 
we  invite  inquiries  from  prospective  users.  A  list  of 
the  tube  types  we  are  especiafly  equipped  to  produce 
will  be  sent  on  request. 

In  the  North  American  Philips  Company,  there  is 


gathered  together  a  team  of  outstanding  electronic 
engineers,  captained  by  one  of  America's  leading 
physicists,  and  coached  by  a  group  with  world-wide 
experience  resulting  from  fifty  years  of  research  and 
development  in  the  electrical  field.  This  new  combi¬ 
nation  of  technical  talent  has  at  its  command  many 
exclusive  processes  that  insure  electronic  devices  of 
the  highest  precision  and  quality.  Today,  North 
American  Philips  works  for  a  L  nited  Nations  Victory; 
tomorrow,  its  aim  will  be  to  serve  industry. 

J  J  J 

NORELCO  PRODUCTS;  In  addition  to  the  electronic 
tubes  mentioned  above  we  make  Quartz  Oscillator  Plates; 
Searchray  (X-ray)  Apparatus,  X-ray  Diffraction  Apparatus; 
Me<lical  A-ray  Equipment,  Tubes  and  Accessories;  Elec¬ 
tronic  Measuring  Instruments;  Direct  Reading  Frequency 


Meters 
and  Ml 


jrs;  High  Frequency  Heating  Equipment;  Tungsten 
Molybdenum  products;  Fine  Wire;  Diamond  Dies. 


fThrn  in  IWetv  York,  be  sure  to  visit  our  Industrial 
EUftronics  Showroom. 


mmsp  ELECTRONIC  PRODUCTS  by 

NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 

D«pt.  C-9,  100  East  42nd  Str**!,  Now  York  17.  N.  Y. 

Foctorias  in  Dobbs  Forry.  N.  Y.j  Mount  Vamon,  N.  Y.  (Mo'alix  Division);  lew';ton.  Main*  (Elmat  Division) 
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E  RANGE  OF  TUBES 
OF  WIDE  APPLICATION 


^  Jiiin 


are  involved.  The  first  is  a  foot 
switch  control  for  the  fluoroscopic 
observer,  a  very  simple  addition  to 
any  x-ray  control  unit ;  and  the 
second  is  to  provide  stepless  control 
of  kilovoltage  to  permit  adjust¬ 
ment,  to  whatever  value  is  required 
to  penetrate  the  particular  section 
under  observation.  Regarding  the 
cabinet,  the  actual  development  has 
been  from  the  radiographic  side. 
For  some  time,  it  has  been  recog¬ 
nized  that  a  cabinet  has  certain  ad¬ 
vantages  in  cost,  convenience  and 
flexibility  over  the  construction  of 
a  lead  lined  room.” 


IN-.RES^€0 

RESISTORS 

embody  %\ 
essentiaLl\^' 


Ultraviolet  Radiation 
Reduces  Absenteeism 

Use  of  xjltraviolet  rays  in  busi¬ 
ness  offices  to  curb  epidemics  of  re¬ 
spiratory  diseases  responsible  for 
so  much  absenteeism  is  demon¬ 
strated  by  the  experience  of  a  com¬ 
pany  in  Boston,  Mass.  The  firm 
employs  70  men  and  women  and 
protects  them  from  germs  with  a 
constant  daily  radiation  barrage 
from  16  carefully  placed  irradiat¬ 
ors.  Graph  chart  records  kept  from 
December  1  to  March  1  reveal  an  av¬ 
erage  reduction  of  absenteeism  due 
to  illness  of  over  25  percent,  while 
the  decrease  effected  during  the 
height  of  the  influenza  epidemic 
amounted  to  66  percent. 

In  Boston,  Dr.  Richard  Overholt 
has  carried  on  extensive  research 
in  irradiation,  particularly  in  rela¬ 
tion  to  hospital  operating  rooms 
and  the  prevention  of  post-oper¬ 
ative  infection.  His  own  offices  have 
been  equipped  with  air  sanitation 
by  engineers  of  Hanovia  Chemical 
and  Manufacturing  Co.,  Dr.  Over¬ 
holt  was  successful  in  reducing  the 
overall  infection  rate  by  more  than 
30  percent. 

Schirmer-Atherton  Co.  decided  to 
try  out  a  similar  plan  to  prevent 
cross-infection  in  a  business  office. 
Twelve  ultraviolet  irradiators  were 
installed  20  feet  apart  to  protect  a 
total  space  of  approximately  60,000 
cubic  feet.  Three  other  installations 
take  care  of  an  additional  20,000 
cubic  feet  in  separated  offices.  All 
irradiators  are  placed  at  an  approxi¬ 
mate  height  of  eight  feet  from  the 
floor  and  the  rays  are  thrown  up¬ 
ward  to  protect  occupants’  eyes 
from  skin  or  eye  redness. 


TYPE 

SB 


Toke  the  limited  frequency 
range  of  the  overage  single 
unit  speaker . . .  increase  it 
to  15,000  cycles  plus ...  ex¬ 
tend  and.  smooth  the  boss 
response . . .  and  you  have 
the  more  efficient  method 
of  sound  reproduction  de¬ 
livered  by  the  Altec  Lansing 
multi-cellular  Duplex 
speaker.  It's  a  small,  com¬ 
pact  two-vray  speaker  with 
a  60*  angle  of  horizontal 
distribution... vrhich  for  the 
first  time  in  history,  revo¬ 
lutionizes  the  methods  of 
sound  reproduction. 


i  CO- 

I 


To  moot  tho  domond  for  pro- 
cition  -  functioning  rosistors, 
imporvious  to  moistwro,  hoot 
and  othor  dotrimontai  condi¬ 
tions,  iN>RES-CO  typos  RB  and 
SB  woro  dovolopod.  Non* 
inductivo,  and  with  standard 
toioranco  of  '/]%,  typo  RB 
has  a  maximum  rosistanco  of 
500,000  ohms,  and  moasuros 
9^6”  high  and  9/16"  in 
diamotor.  It  is  rotod  at  i/j 
watt.  Typo  SB  is  ratod  at  1 
watt,  has  a  maximum  rosist¬ 
anco  of  1  mogohm,  and  is 
1  1/16"  high  and  9/16"  in 
diamotor. 

Dispiaying  oxcoilont  stabiiity 
undor  odvorso  climatic  and 
oporating  conditions,  an  ad¬ 
ditional  foaturo  of  IN-RES-CO 
wirowound  rosistors  is  thoir 
low  distributod  capocity.  Tho 
now  IN-RES-CO  catalog  cov- 
oring  tho  comploto  lino  of 
dopondablo  rosistors,  motor 
shunts  and  muhipllors  is 
availablo.  A  noto  on  your 
company  lottorhoad  will 
bring  it  promptly. 


25  AMITY  STREET 
LITTLE  FALLS,  N.  J. 
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a  titifftoui  name  in 


2000  to  4500 


Again  Johnson  scores  a  k  plates  which 

allow  much  higher  voltages, •p4^iciJa^4T^A^p^fc{^Bcix&*‘*f'' 

It  has  long  been  known  that  plates  w!t^'  roundecf  edges  have  higher 
breakdown  voltages  in  variable  condensers,  but  it  remained  for  Johnson 
Engineers  to  work  out  ratios  of  plate  thickness,  design,  voltage,  and  spacing 
for  maximum  advantage. 

Greatly  decreased  length  f^as  much  as  one-third  in  some  cases)  results 
in  lower  minimum  capacity  and  lower  inductance  due  to  shorter  frame  rods 
and  other  metal  parts,  which  is  extremely  important  at  high  frequencies. 

Corona  is  noticeably  less  with  the  new  type  plates  and  corona  shields 
have  been  added  where  stator  bars  enter  insulators,  resulting  in  still  further 
improved  performance. 

Despite  these  many  improvements,  in  most  cases  prices  are  lower 
because  of  the  saving  in  material. 

Now  available  in  Types  A  and  B,  both  fixed  and  variable,  this  new 
plate  shape  and  construction  will  be  incorporated  in  other  types  as  quickly 
as  possible.  Write  Johnson  today  for  more  information  and  for  recommen¬ 
dations  on  YOUR  variable  condenser  application. 

New  Catalog  968D  now  ready. 


Typ#  H  for 
voKogoi  of 

to  3000 


Typ*  N  nautrolizing 
co^emen  in  S  >iz*t 


E.  F.  JOHNSON  COMPANY  •  WASECA  •  MINNESOTA 
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THE  RUBBER  SHORTAGE  INSPIRED 
THIS  AIRPLANE  BOOSTER  PLUG 


Another  Engineering  Accomplishment  of  The  Hubhell  Development  Laboratory 


WHEN  the  rubber  situation  became  acute,  an  all-rubber 
plug  was  being  used  to  supply  a  booster  charge  for 
starting  aircraft  motors.  As  a  conservation  measure,  the 
aircraft  industry  asked  the  Hubbell  Development  Labora¬ 
tory  to  re-design  the  plug  using  less  critical  material. 

Working  with  plastic  and  metal,  Hubbell  engineers  pro¬ 
duced  the  external  power  plug  shown  here.  Its  principal 
advantages  are  described  below.  So  completely  satisfactory 
is  this  new  plug  that  it  has  received  wide  acceptance  and 
will  unquestionably  continue  to  be  used  after  the  war. 

Hubbell  Development  Laboratory  is  an  engineering 
organization  serving  all  of  industry.  Its  purpose  is  to 
produce  electrical  sockets,  receptacles,  switches  and  con¬ 
nectors  to  meet  specific  requirements.  Most  of  these 


devices  in  general  use  today  are  either  Hubbell-designed 
or  Hubbell-improved.  If  you  have  some  problem  involv¬ 
ing  products  of  this  nature,  write  to  the  Hubbell  Devel¬ 
opment  Lafboratory.  Whether  the  solution  is  a  simple 
alteration  of  some  standard  unit  or  the  creation  of  an 
entirely  new  design,  you  can  count  on  complete  satisfac¬ 
tion.  One  of  our  technical  advisers  will  be  glad  to  call 
on  you  to  discuss  your  requirements.  This  involves  no 
obligation. 

APPLICATION  SUGGESTIONS  WELCOMED.  If  you  believe 
that  the  modification  of  any  electrical  outlet  receptacle,  switch,  or 
connecting  device  will  give  the  product  broader  application,  send 
your  suggestions  to  the  Hubbell  Laboratory.  Also,  if  you  have  any 
Hubbell  products,  the  uses  of  which  you  think  are  unusual,  we 
would  like  to  know  about  them.  Your  ideas  may  help  others  solve 
a  problem. 


5  ADVANTAGES  OF  THE 
HUBBELL  POWER  PLUG 

I  Heavy  armor  and  impact  resist- 
'  ing  plastic  make  this  plug 
practically  indestructible. 

9  Can  be  re-wired  in  case  of 
*  power  cable  damage.  ^ 

3  Non-current  carrying  rein-  \ 

^  forcing  springs  assure  contact 

pressure  indefinitely.  / 

«  Insulation  extends  beyond  ^ 

^  armor  eliminating  danger  of  ' 

short  circuiting. 

«  Designed  for  use  with  standard  - 
AN  cable  clamps. 


HUBBELL 

DEVELOPMENT  LABORATORY 
OFHARVEY  HUBBELL,  INC. 

1  5  23  STATE  ST.,  BRIDGEPORT  2,  CONN. 


ELECTRONICS  — Sepfember  1944 


io  Manufacturer 


Radiation 

(Continued  from  page  108) 


(22)  W.,  Ann,  d.  Phy».,  6,  I.,  1901. 

(28)  Tat*,  J.  T.,  Phy.  Rev.,  17,  p.  894, 
1921. 

(24)  Daene,  H.,  and  Sctamerwitz.  O., 
ZeitKMrl  f.  Phy$.,  5*.  p.  404,  1929 

(25)  Farnsworth,  H.  B.,  PIrye.  Rev.,  SI, 
p.  414,  1928. 

(26)  Baeyer,  O.  ▼.,  Phytik,  Zeitachr.,  IS, 
p.  168,  1909. 

(27)  Baeyer,  O.  ▼.,  Verb,  dtach.  Phyt. 
Oea.j  10,  p.  96,  and  936,  1908. 

(28)  Baeyer,  O.  ▼.,  Phyetk.  Zeitaekr.,  10, 
p.  176,  1909. 

(29)  CampbeU,  (N.  R.,  PMl.  May.,  SB. 
p.  808,  19ll 

^80)  Gehrts,  A.,  Ann.  d.  Pkya.,  SO,  p.  995, 

(81)  Copeland.  P.  L.,  Thesis  In  the  De- 

Sartment  of  Physics,  State  Univ.  of  Iowa, 
nly  1981. 

(32)  Copeland,  P.  L.,  Jenr.  Fmnkl.  Jnat., 
S15,  p.  4^,  1933. 

(88)  Copeland,  P.  L.,  Jonr.  Frankl.  Inat., 
SIB,  p.  698,  1933. 

(34)  Copeland,  P.  L.,  Phya.  Rev.,  46. 
p.  167,  1984. 

(35)  Copeland,  P.  L.,  Pkya.  Rev.,  48. 
p.  96,  19^. 

(86)  Wamecke,  R.,  Jeur.  Pkya.  Rad.,  B, 
p.  267.  1984. 

(87)  Wamedte,  R.,  Jour.  Pkya.  Rad.,  7, 
p.  270,  1986. 

(38)  Farnsworth,  H.  B.,  Pkya.  Rev.,  SO, 
p.  358,  1922. 

(89)  Farnsworth,  H.  B.,  Pkya.  Rev.,  87, 
p.  418,  1926. 

(40)  Kolia th,  R.,  Pkya.  Zeitachr.,  SB, 
p.  202-224.  1st  Apl.,  1987. 

(41)  Copeland,  P.  L.,  Pkya.  Rev.,  SB, 
p.  293  19o0 

(42])  Weiss,  G.,  Pemaeken  und  Tonftim. 
41,  1986. 

(43)  Kaickhoff,  G.,  Zeitaekr.  f.  Pkya.,  St, 
p.  305,  1933. 

(44)  Wehnelt,  A.,  Erg.  d.  emakt.  Naturw. 
Bd..  IV,  p.  417,  1928. 

i45)  Schmidt,  Diaa.  BerUn.  1923. 

46)  Nickel,  O.,  Diaa.  Berlin.  1922. 

47)  Beyscblag,  B.,  Diaa.  BerUn,  1926. 
48)  Uredat,  E.,  Diaa.  BerUn,  1930. 

(49)  Wehnelt,  A.,  Zeita.  f.  Pkya.,  48. 
p.  166,  1928. 

(50)  Knoll,  M.,  Zeitaekr.  f.  Teckn.  Pkya., 
16,  p.  467,  1935. 

(51)  JoffO,  A.,  Zeitaekr.  f.  Pkya.,  48. 
p.  737,  1928. 

(52)  inemperer,  O.,  Zeitaekr.  f.  Pkya.,  47, 
p.  417,  1928. 

(63)  StrOblB,  H.,  Pkyaik.  Zeitaekr.,  S7, 
p.  402,  1936. 

(54)  Bruining,  H.,  Phyaioa,  S,  p.  1046. 
1936. 

(55)  Mfiller,  H.,  Zeitaekr.  f.  Pkya.,  Im 
Druck. 

(56)  Baltruschat,  M..  and  Starke,  H., 


He  was  given 

these  two  answers 


which  means  quantity  production  of  control 
crystals  on  .dependable  schedule,  and  to  the 
most  precise  specifications — from  very-low  to 
ultra-high-frequencies. 


which  means  continuous  development  of  the 
crystals  themselves,  and  of  new  crystal  appli¬ 
cations  which  have  solved  a  number  of  basic 
problems  . . .  and  may  offer  the  answer  to  your 
own  problem. 

The  Pan-BI  technical  staff  is  ready  to  collaborate  without  obli¬ 
gation  with  your  own  electronic  engineers  in  the  fields  of  elec¬ 
tronics.  fm  and  other  radio. 


FACSIMILE  AT  SHAEF 


PAN-ELectronic8  LABoratories  Inc. 

500  Spring  Street,  N.  W.  Atlanta,  Georgia 


Radiotelephoto  equipment  at  SHAEF. 
Supreme  Headquarters  oi  the  Allied  Ex¬ 
peditionary  Forces  In  EnglondL  where 
photos  and  news  of  the  InToslon  Is 
transmitted  to  the  rest  of  the  world 


Sepfemher  1944  —  ELECTRONICS 


Friction  and  Seaiing  Tapes 


mwtASKm* 


Writ*  today  for  tamplos  of  M-R 
Friction  and  Soaling  Tapes  .  .  . 
alto  your  Free  Card  of  Var¬ 
nished  Tubing  with  samples 
ranging  from  size  0  to  20  to  fit 
wires  from  .032  to  .32S  inches 
. . .  other  valuable  aids,  are  the 
AA-R  Guide  Bbok  of  Electrical  In¬ 
sulation  . . .  the  Wall  Chart  with 
reference  tables,  electrical  sym¬ 
bols,  allowable  capacities  of 
conductors,  dielectric  averages, 
thicknesses  of  insulating  mat^ 
rials  and  tap  drill  sizes  .  . .  and 
the  M-R  Wax  and  Compound 
Guide  Book  . . .  they  are  full  of 
voluable  information  .  .  .  writ* 
for  them  on  your  letterhead. 


TT.-^ 


MITCHELL-RANO 

to: 

55  YEARS 

tme  electrical 
insulation 
headquarters. 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


COrtlandt  7-9264 


NEW  YORK  7,  N.  Y. 


EST  7889 


Werglw  Vamdltod  Top*  mmA 
leeatoNeg  Fopevs  and  Twieet 


A  PARTIAL  IMT  OP  M-R  PRODUCTS  Wfceegles  Saturated  Sleety  ood 

YaMA 

w  w 

CeWee  Tope*.  WebMdgs  and  Sfeevtags  Iztreded  WoeWe  TeMig 

Imprsgeetsd  YoridiB  Tebleg  Yerelited  Ceeshrfc  Cleth  oed  Tp 

leeelatbH  Yaralthei  *f  *«  type*  Mice  Fleto.  Top*.  Paper.  OeMi 
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Frsnch  Tillagen,  whos*  radios  wsrs 
coniiscotsd  by  Germans,  listen  to  BBC 
news  broadcasts  from  London  by  means 
of  a  troreling  radio  truck  with  multiple 
horn  speakers  supplied  by  the  Psy¬ 
chological  branch  of  the  British  Army 


Sep^esiher  fPH  —  ELECTRONICS 


PRECISION  MADE  FOR  PRECISION  FASTENING 


STERLING  BOLTS 

STERLING  BOLT  COMPANY  •  211  W.  JACKSON  BLVO.,  CHICAGO  6,  ILL 


No  motter  m 

Viovtr  iBoderBl 

Hie  etectconU 


BOLTS-NUTS-SCREWS-RIYETS-WASHERS 


\ 


Obtain  the  rated  performance  of  your  elec* 
tronic  equipment  by  using  fastening  devices 
supplied  by  Sterling.  Sterling  Bolt  Company 
products  are  accurate,  uniform,  with  clean 
threads,  uniform  heads,  true-centered  slots, 
straight  shanks,  free  from  scale  and  burrs. 
These  assure  dependable  performance,  quick 
assembly  and  increased  production. 

Sterling  Bolt  Company  is  a  reliable,  single 
source  of  supply  for  bolts,  nuts,  screws,  rivets 
and  washers  of  every  type  and  size,  of  every 
metal,  plain  or  plated,  for  every  fastening 
purpose.  Try  Sterling's  prompt,  dependable 
service  for  your  fastening  needs. 


Write  today  for  quotations 


1‘huiiik.  ZvU»ckr..  2S.  u.  403,  1922. 

(57)  Chylinakl.  S.,  Phw-  Am..  >8.  p.  4S8. 
1926. 

1^^68)  Cbylinski.  S..  Pbp*.  Am.,  4t,  p.  888. 

(59)  Farnsworth,  H.  B.,  PSpa.  Aev.,  81, 
p.  419,  1928. 

(60)  Farnsworth,  H.  E.,  Phpt.  Rev.,  14, 
p.  679,  1929. 

(61)  Hayakawa,  K.,  Bee.  Rep.  Tohehe 
Imp.  Unit'.,  (1),  28,  p.  984,  1988. 

(62)  Tartakowsky,  P.,  and  KndrJawBcwa. 
W.,  Zeite.  /.  Phps.,  75.  p.  187,  1982. 

(63)  Tlao.  S.  R..  Proe.  Row.  Ben.,  Its,  p. 
57,  1930. 

(64)  Ahearn,  A.  J.,  Phpe.  Rev.,  38,  p. 
1858,  1931. 


(65)  Aldoua,  W.  A.,  and  CanipbeU,  N.  R.. 
Proe.  Roil.  Boe.,  161,  b.  694,  1985. 

(66)  Hayner,  L.  3.,  Phpeiee,  s.  p.  888. 


1985. 

(67)  Hayner,  L.  J.,  and  Hull,  A.  W., 
Phpe.  Rev.,  33,  p.  281,  1929. 

(68)  Moullin,  E.  B.,  Proe.  Rep.  Boe.,  147, 
p.  100,  1984. 

(69)  Pennine,  F.  M.,  and  Kruithof,  A.  A.. 


(69)  Pennine,  F.  M.,  and  Kruithof,  A.  A.. 
Phpeioa,  2,  p.  798,  1935. 

(70)  Zieeler,  11..  PhpeUse,  8,  p.  415,  1985 
(70-a)  Ziegler,  11.,  PhyeUm,  1,  I,  1986 

(71)  Zeleler,  11.,  Phyaiee,  8,  p.  807,  1986 

(72)  Hull,  British  Patent  1555/1915. 

(78)  Zwo^kln  A  Rejchman,  Proe.  I.R.M., 

27.  p.  558  and  566,  Sept.  1989. 

(^74)  lams  and  Salsberg,  Proe.  I.R.B.,  81, 
p.  55-64,  Jan.  1935. 

(75)  Thompson,  Proe.  I.R.B.,  29.  p.  588- 
587.  Nov.  1941, 

(76)  Wagner  A  Ferris,  Free.  I.R.B.,  21, 
p.  598-602,  Nov.  1941. 

(77)  Hopkins.  U.  S.  Patent  No.  1,920,863 
H1982). 

(78)  Farnsworth,  P.  T.,  U.  S.  Patent  No. 
2,071,515.  U.  S.  Patent  No.  2,174,488. 

(79)  Hull  A  Williams,  Phya.  Rei\,  27. 
p.  428,  1926. 

(80)  Telleghen,  British  Patent  No.  287,- 
958 

(81)  Harries,  Wireleaa  World,  Aug.  2nd. 
1935. 

(82)  Harris,  British  Patents  No.  880,- 
429  and  885,  968,  1931,  and  Wtreleaa  Bnyi- 
near,  llj>.  190-199,  April  1986. 

(88)  Harries,  Wireleaa  Rngineer,  16,  p. 
212,  April  1988. 

(84)  Harries,  Electbonics,  May  1986, 
p.  38-35. 

(85)  Harries,  Wireleaa  Rngineer,  14,  p. 
63,  Feb.  1937. 

(86)  Harries,  Electronie  Rnaineerino,  p. 
586-587,  Jan.  1942. 

(87)  Matter,  Proe.  I.R.B..  21.  p.  587-598; 
Nov.  1941. 

(88)  Salzberg  A  Haeff,  RCA  Revieie,  II, 
p.  886-374,  Jan.  1988. 

(89)  Dow,  “Fundamentals  of  Engineer¬ 
ing  Eleetronics.”  Chapman  and  Hall,  Lon¬ 
don. 


COMMUNITY  RADIO 
FOR  FRENCH 


vAAAAAAAA/WW\y 

I 


bomocd  RuesfR 


Sncan, 

MOUNTINGS 


- 


*TORD  MOUNTS”,  as  they  are  generally  known,  are  being  produced  at 
the  rate  of  many  millions  per  year.  A  large  proportion  of  this  pro¬ 
duction  is  of  synthetic  rubber^  which  hais  proved  in  the  main,  to  be  as 
effective  as  natural  rubber  in  flexible  mounts  for  Vibration  Control. 

The  entire  facilities  of  the  Lord  factory  are  used  to  produce 
mountings  and  other  bonded  rubber  products,  and  the  energies 
of  the  research,  development,  and  field  engineering  staffs,  are 
devoted  exclusively  to  the  improvement  of  these  products  for 
industrial  and  military  use.  By  specializing.  Lord  is  producing 
mountings  that  are  the  criterion  in  the  flexible  suspension  field. 

The  method  of  bonding  rubber  to  metal,  which  Lord  has 
developed,  permits  the  use  of  the  rubber  in  such  manner  that 
the  stress  is  always  in  shear,  thus  providing  the  proper  deflec-  *  m 
tion  for  a  given  load.  The  final  result  is  a  mounting  system  ^ 

which  provides  the  greatest  efliciency  in  vibration  isolation. 

Lord  Mountings  are  small,  compact,  lightweight  units,  easy 
to  install  and  load  ratings  range  in  small  increments  from  a  few 
ounces  to  several  thousand  pounds.  They  prolong  equipment  life, 
lower  maintenance  costs,  insure  greater  accuracy  of  operation, 
reduce  material  weights  by  eliminating  the  necessity  for  inertia  masses, 
increase  personnel  efficiency  by  eliminating  nerve-wearing  noise 
and  vibration  transmitted  through  solid  conduction. 

Send  for  literature  on  vibration  control  or  call  in  a  Lord 
Vibration  Engineer  for  consultation  on  vibration  problems.  There 
is  no  obligation. 


IT  TAKES  RUBBER  SitM  TO  ABSORB  VIBRATION 

LORD  MANUFACTURING  COMPANY 

ERIE,  PENNSYLVANIA 


MLCt  ffCmSCMTATIVCt 
N(W  VOMK  •  -  2«0  MAtItOH  AVt. 

CHICASO  •  fttO  M.  MICmtAN  AVt. 
OCTVOIT  •  •  WMMPAtO  AVC. 

•UMANt.  CAL.  •  34S  C.  OLIVC  AVC. 


IPo  More  Than  Before— 
Buy  EXTBA  War  BonBm 
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Electronic  Tester  for  Electric  Cords  and  Cables 


An  electronic  cable  tester,  de¬ 
signed  and  constructed  by  Consoli¬ 
dated  Vultee  Aircraft  Corp.,  takes 
the  guesswork  out  of  checking  the 
breaks  in  electric  extension  cords 
and  those  used  on  small  power- 
driven  tools. 

The  circuit  of  the  unit  is  shown 
in  the  diagram.  One  electronic  tube 
is  connected  as  a  self-excited  oscil¬ 
lator  operating  on  a  frequency  of 
about  400  cycles.  The  output  of 
the  oscillator  is  applied  to  the  cord. 

A  small  amount  of  the  signal 
energy  is  picked  off  the  cord  by  a 
metal  ring  through  which  the  cord 
is  passed.  Fed  to  a  high-gain  am¬ 
plifier,  the  signal  amplitude  is  in¬ 
creased  sufficiently  to  operate  the 
output  meter  shown.  When  a  break 
in  the  conductor  passes  through 
the  ring,  a  sudden  change  in  the 
meter  deflection  occurs  and  the 
broken  spot  can  be  quickly  and  ac¬ 
curately  ascertained.  Thus,  the 


necessity  of  cutting  the  cord  in 
more  than  one  place  to  locate  the 
braek  is  eliminated. 

The  metal  pickup  ring  is 
mounted  inside  an  assembly  of 
fiber  insulation  material  that  sur¬ 
rounds  the  cable  during  use  of  the 
instrument.  A  short  shielded  lead 
is  provided  for  connecting  the  ring 
to  the  amplifier.  The  ring  is 
mounted  on  top  of  the  test  unit. 

Input  and  output  potentiometers 
are  provided  to  permit  adjustment 
of  the  circuit  so  that  the  meter 
reading  occurs  at  a  convenient  por¬ 
tion  of  the  scale  when  a  good  cable 
of  the  type  to  be  tested  is  inserted 
in  the  ring.  Additional  provision 
for  this  purpose  is  the  use  of  dif¬ 
ferent  values  of  resistance  in  the 
output  circuit.  Besides  the  output 
terminals  shown  in  the  diagram, 
made  and  female  receptacles  for 
the  cable  plugs  used  in  the  Vultee 
plant  are  contained  in  the  tester. 


Multi-Channel  Radio  Link 

By  A.  C.  Peterson,  Jr. 

Radio  Trantmitslon  Enginmiiig 

Bell  Telephone  Laboratorien 

Radio  links  as  extensions  of  land  H  ^ 
telephone  lines  are  not  new.  There 
is  one  between  Boston  and  Cape 
Cod  that  has  been  in  service  for  a 
number  of  years,  and  there  is  the 
more  recent  installation  between 
Crisfield  and  two  of  the  islands  in  1 
Chesapeake  Bay.  These  installa¬ 
tions  use  single-channel  links; 
their  radio  circuits  carry  only 
single  conversations. 

Over  a  new  radio  link  between  i 
Norfolk  and  Cape  Charles,  in  south¬ 
eastern  Virginia,  as  many  as  twelve 
conversations  may  be  transmitted 
simultaneously.  Whereas  the  earlier 
.radio  links  transmitted  the  fre¬ 
quencies  from  200  to  3000  cycles  | 
comprising  a  single  voice  channel, 
the  new  link  transmits  twelve 
voice  channels  which  have  been  i  ’ 
modulated  to  form  a  group  from 
12,000  to  60,000  cycles.  | 

Telephone  communication  from  ; 
Norfolk  and  other  points  south  and  ' 
west  of  Chesapeake  Bay  has  had  to  ^ 
pass  through  Washington  and  ^ 
Baltimore  over  some  400  miles  of 
land  line  to  reach  Cape  Charles. 
This  situation  has  now  been 
changed  by  the  installation  of  the 
radio  link.  Not  only  is  the  circuit 
reduced  to  less  than  a  tenth  of  its 
former  length,  but  the  traffic  over 
the  Baltimore  and  Washington  j 
routes  is  lightened. 

The  group  of  twelve  channels 


Cords  and  cables  ore  tested  for  breaks  by  the  amplifier  and  oscillator  connected  in  the  circuit  shown  oboTS.  The  cord  tmder  test 
and  the  metal  ring  act  os  the  coupling  medium  between  the  two  units 
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employed  is  that  used  by  the  type- 
K  carrier  system  (carrier  system 
developed  by  Bell  Labs  in  which 
lower  sidebands  of  12  carriers  are 
transmitted  over  cable)  now  being 
installed  on  cables  all  over  the 
country.  Twelve  voice  frequency 
circuits  arriving  at  Cape  Charles, 
for  example,  are  passed  through  a 
type-K  carrier  terminal.  The  re¬ 
sulting  frequency  band,  extending 
to  60  kc,  is  then  modulated  in  the 
radio  transmitter  and  is  sent 
through  the  ether  to  Cape  Henry  on 
a  wavelength  of  about  six  feet. 

After  demodulation  in  the  radio 
receiver,  the  12-  to  60-kc  band  is 
transmitted  over  a  cable  to  the 
Norfolk  office.  Here  it  is  passed 
through  a  type-K  receiving  term¬ 
inal,  and  the  twelve  channels  re¬ 
sulting  are  brought  to  the  Norfolk 
toll  switchboard  as  twelve  separate 
voice  channels.  The  arrangement  is 
indicated  schematically  in  an  ac 
companying  illustration.  The  radio 
system  operates  continuously  and 
unattended. 


Antennas 


Steel  towers  nearly  two  hundred 
feet  high  support  the  antennas  at 
each  terminal.  Each  transmitting 
and  receiving  antenna  consists  of 
two  parallel  arrays  of  half-wave 
elements,  one  behind  the  other.  The 
front  array  contains  twenty-four 
horizontal  radiating  or  receiving 
elements,  while  the  rear  array  con¬ 
tains  twenty-four  similar  elements 
that  act  as  parasitic  reflectors. 

A  view  of  the  Cape  Charles 


Two  parallel  orroyi  of  half-ware  ele 
mente  mounted  200  feet  high  form  each 
antenna  in  the  radiotelephone  link 
acroM  Cheeopeake  Boy 
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Lewyt  has  set  the  pace  in  contract  manufactur¬ 
ing  ingenuity  through  two  post-war  periods  of  busi¬ 
ness  readjustment.  We’ve  had  long  training  in  cost- 
sensitive  specialization.  We’re  ready  to  |}artner 
with  ot^er  manufacturers  in  producing  their  com¬ 
ponent  electrical  and  electronic  assemblies,  chasses 
and  housings  ...  or  complete  units. 

With  our  exceptional  facilities  and  skills  in  elec¬ 
trical  and  mechanical  parts  manufacture  carefully 
developed  through  56  years,  it  will  pay  you  to  talk 
with  us  ...  at  least  write  for  this  48-page  book. 
Ask  for  “Series  B’’.  There  is  no  cost  or  obligation. 


im>  BUUK  is  designed  to  help  you  prepare  for 
CONVERSION  DAY  ...  it  presents  the  story  of  a 
unique  institution  that  may  have  the  answer  to 
your  production  problem  ...  it  suggests  a  plan  for 
putting  your  new  product  development  in  training 
for  the  post-war  starter's  gun. 

When  materials  are  no  longer  ear-marked  for  war 
.  .  .  when  civilian  goods  are  price-marked  for  peace 
. .  .  there  will  be  no  glory  or  profit  at  the  finish  line 
for  any  but  the  winners! 

“Cost-Plus’’  profits  will  be  outlawed  . . .  wartime 
regulations  will  give  place  to  time  studies  .  .  .  the 
stop  watch  will  take  over  control  in  the  competitive 
race  for  manufacturing  economies. 


LET  LEWYT^DO  IT 


LECTRONICS  — 1944 


5NICS 


1 


A.re  Busy 


Operating  24  hrs.  per  day  in  the  most 
modern,  efficient  crystal  plant. 


tower  and  antennas  is  shown.  The 
transmitting  antenna  is  at  the  top 
of  the  tower,  and  the  receiving  an¬ 
tenna  directly  beneath  it.  Ck)axial 
transmission  lines  connect  the  an¬ 
tennas  to  the  radio  equipment  in 
buildings  near  the  base  of  the 
towers. 

The  radio  equipment  is  operated 
from  commercial  poweiTlines  but 
at  each  terminal  a  stand-by  genera¬ 
tor,  driven  by  a  gasoline  engine, 
has  been  provided  to  insure  ade¬ 
quate  power  in  emergencies.  These 
auxiliary  generators  start  auto¬ 
matically  on  failure  of  the  com¬ 
mercial  supply. 


Every  crystal  finished  individually  to  exact 
frequency  mechanically,  completely  eliminat¬ 
ing  hand  work,  assuring  highest  uniformity 
and  quality. 

★ 

PETERSEN  RADIO  CO. 

Council  Bluffs,  Iowa 

CHrSTALS  iXCLUSIVBLY  SINCE  1934 


Thousands  of  these  Carter  Original  Genemotors  are  constantly  providing  that 
something  ''extra"  in  MOTOROLA'S  famous  FMT-30D  Mobile  FM  Radio  trans- 


I  something  "extra"  in  MOTOROLA'S  famous  FMT-30D  Mobile  FM  Radio  trans- 
..  mitter,  pictured  above.  Why  not  submit  your  requirements  and  become  acquainted 
with  this  preferred  Power  Supply? 

fne  lotost  catalogue  of  Carter  products  will  be  sent  upon  request. 


1(06  Mllwauk—  Aym.  Carter,  a  wll  Iraowii  aamt  h  radh  hr  ovr  fwMy  yart.  Cabim:  G«n«molC 


Type-K  Carrier 

Although  the  radio  link  forms  ( 
i  what  is  essentially  a  short  type-K 
carrier  line  circuit,  it  differs  from 
it  in  several  respects.  With  the 
•type-K  carrier  system,  the  group 
of  twelve  single  sidebands  result¬ 
ing  from  the  modulation  of  twelve 
speech  bands  is  transmitted  over 
the  cable  as  a  single  sideband  of 


1  the  group  carrier  frequency. 


Meter  readinge  oi  the  radio  transmitter 
at  Cope  Charles  are  taken  by  D.  M. 
Black 


The  radio  transmitter,  on  the 
other  hand,  transmits  a  double  side¬ 
band  of  the  type-K  carrier  group, 
and  thus  requires  a  total  band 
width  of  120  kc,  instead  of  the  60 
kc  transmitted  over  the  cable.  A  \ 
double  sideband  transmitter  was 
decided  upon  since  it  is  simpler  and  ■ 
less  expensive  to  build. 

Another  difference  is  in  the 
regulating  scheme.  The  radio  re¬ 
ceiver  employs  automatic  gain 
control  to  compensate  for  varia¬ 
tions  in  loss  over  the  radio  path. 
Additional  overall  regulation  is 
!  provided  for  the  complete  system 
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Other  PRESTITE  methods  of 
taking  leads  through  partitions 


fHigh  altitudes . . .  humidity  conden¬ 
sation  .  .  .  thermal  shocks  .  .  .  cannot 
affect  the  performance  of  Solder-Sealed 
apparatus.  The  100%  hermetic  bond 
assured  by  the  metal-to-PRESTITE 
seal  assures  trouble-free  service  of 
ACTUAL  SIZE  terminal  bushings. 

The  bushing  consists  of  a  PRESTITE  tube  on 
which  are  Solder-Sealed  a  terminal  cap  and  a  stud. 
Similar  bushings  are  available  without  hardware  for 
Solder-Sealing  to  other  parts  on  the  manufacturer’s 
own  production  line. 

Solder-Sealed  PRESTITE  assemblies  offer  im¬ 
mediate  help  to  manufacturers  in  many  available 
standard  forms.  They  also  open  up  many  new  and 
added  possibilities  in  postwar  uses.  For  complete 
information,  send  for  booklet  B-3244.  Westinghouse 
Electric  &  Manufacturing  Company,  East  Pitts¬ 
burgh,  Pa.,  Dept.  7-N.  j.05142 


APPARATUS  ENCIOSINS  SOlOfR- 
SEAL  lUSHINt — combination  in¬ 
sulator,  cover  and  terminal 
board — has  a  hollow  construc¬ 
tion  which  permits  placing  small 
devices  inside. 


SOLDER-SEAL  ASSEMRLY  — for  vi¬ 
brator  packs,  but  can  be  used 
in  similar  apparatus,  combining 
jack  and  terminal  board. 


SOLDER-SEALED  RUSHIN6  —  for 

use  with  thicker  gage  covers  of 
larger  size  transformers  and 
capacitors.  Bushing  is  Solder- 
Sealed  to  a  metal  ring  which  is 
soldered  to  the  container  cover. 


PRESTITE  is  a  dense  nonporous  ceramic  com¬ 
pacted  under  high  pressure  and  vacuum  by  the 
patented  PRESTITE  method  of  -manufacture. 
This  eliminates  minute  air  pockets  in  the 
material,  thus  minimizing  distortion  in  voltage 
gradients  and  eliminating  internal  corona  dis¬ 
charges.  PRESTITE  is  impervious  to  moisture 
and  all  chemicals  except  hydrofluoric  acid.  The 
quality  of  PRESTITE  is  consistently  uniform, 
thus  eliminating  the  need  for  the  exaggerated 
safety  factors  common  in  other  ceramics. 
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OFFICES  EVtSYWMEIE 


PLANTS  IN  35  CITIES 


DYNAMOTORS 
RECTOX  RECTIFIERS 
INSULA  TINO  MATERIALS 


INSTRUMENTS 
D-C  CAPACITORS 
HIPERSIl  CORES 
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They’re  All  Equally  Important 


"Gentlemen;  •  surprised  and 

"I  must  say  ^ your  letter. 

CSnt  bji- 

the  P»'-'*=*‘‘'?%he  eaj  ot  ra» 

front  yon  Yours  is 

terials.  has  written 

only  company  ^  ^jusiness, 
in  regard  to  been  with 

small  ^^o^liieve  me  ^ben  prior¬ 
ity*  rtstrictions^are^y 

from  ^bventory  ^  complete 

forward  to^havj^^^old'  items. 

(Signature  upon  request) 


T  IS  A  matter  of 
policy  with  STRONGHOLD  that  all  orders 
or  inquiries  pertaining  to  fastening  products 
are  of  EQUAL  IMPORTANCE,  regardless  of 
the  size  of  the  order  or  the  size  of  the  com¬ 
pany  from  which  it  comes. 

STRONGHOLD  serves  many  of  America's  in¬ 
dustrial  giants  whose  use  of  fasteners  run  into 
astronomical  figures.  It  also  serves,  with  equal 
promptness  and  concern,  thousands  of  smaller 
companies  whose  use  of  fasteners  is  limited — 
but  equally  important  in  the  construction  of 
the  product  they  make. 

We  welcome  your  inquiries  for  samples  or 
prices  of  either  standard  or  special  screw 
products.  You  will  hear  from  us  promptly, 
ft's  faster  to  tefwpfeoac 

Call  WHItehall  4680 

MANUFACTURERS 
SCREW  PRODUCTS 

270  W.  Hubbard  St.  Chicaao  10,  IH. 


between  Norfolk  and  Cape  Charles 
to  maintain  a  substantially  con¬ 
stant  net  loss  between  terminals. 
This  follows  type-K  carrier  prac¬ 
tice,  in  that  the  gains  of  the  receiv¬ 
ing  amplifiers  are  controlled  by 
means  of  pilot  frequencies  trans¬ 
mitted  in  the  frequency  space  be¬ 
tween  speech  bands.  As  a  result,  the 
net  loss  of  each  of  the  twelve  chan¬ 
nels  is  held  constant  to  within 
±0.5  db. 

To  check  the  frequency  of  the 
carrier  of  the  distant  transmitter, 
each  radio  receiver  has  an  alarm 
circuit  fed  through  a  crystal  filter. 
A  deviation  in  carrier  frequency  of 


Th*  ▼oic*-fr«<iu*iiC7  boy  of  tho  Capo 
Chorlos  torminol  in  tho  multi.chanBol 
radio  link  U  chockod  by  J.  O.  Smothunt 

as  little  as  0.002  percent  will  oper¬ 
ate  this  alarm.  Alarms  are  pro¬ 
vided  to  warn  of  excessive  tempera¬ 
tures,  power  failure,  and  other 
conditions  that  might  ultimately 
affect  the  satisfactory  operation  of 
the  system. 

Each  receiver  is  also  equipped 
with  an  oscillator  of  such  a  fre¬ 
quency  as  to  permit  the  output  of 
the  local  transmitter  to  be  detected. 
This  permits  a  “loop”  test  to  be 
made  through  the  local  transmitter 
and  receiver.  Whenever  the  trans¬ 
mission  alarm  indicates  a  circuit 
failure,  these  loop  tests  are  made  at 
each  end  of  the  radio  circuit  to  de¬ 
termine  the  location  of  the  trouble. 


;  Tropical  Failures  of 
Electronic  Components 

Throughout  the  geographical 
belt  called  the  wet  tropics,  elec¬ 
tronic  equipment  gets  its  toughest 
test,  not  only  in  service,  but  even 
before  it  is  unpacked  for  use.  In 
this  non-temperate  climate,  temp- 


Sepfembtr  1944  —  ELECTRONICS 


1 


^  RADIO  COMMUNICATIONS  operate  with  greater 

efficiency  with  .built-in  CONSTANT  VOLTAGE  ! 
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The  safety  and  convenience  of  two 
and  a  half  million  passengers,  car¬ 
ried  daily  by  the  Chicago  Surface 
Lines,  are  guarded  continuously  by 
the  elaborate,  phase-modulated  radio 
commvmication  system  by  which  all 
divisions  of  this  vast  transportation 
system  are  kept  under  constant  sur¬ 
veillance. 

Naturally,  any  communication 
system  so  important  to  human  safety 
and  well-being  cannot  take  chances 
with  its  equipment.  Line  surges,  volt¬ 
age  fluctuations  that  distort  and  in¬ 
terrupt  signals  or  damage  costly  tubes 
and  equipment,  cannot  be  tolerated. 


In  this,  and  in  many  other  radio 
communication  systems.  Sola  Con¬ 
stant  Voltage  Transformers  are  play¬ 
ing  an  important  role — constantly  on 
guard  against  line  voltage  dist\irb- 
ances,  instantly  correcting  fluctua¬ 
tions  as  great  as  30%  to  less  than 
±1%  of  rated  requirements.  Sola 
Constant  Voltage  Transformers  re¬ 
quire  no  manual  adjustments  or  su¬ 
pervision.  They  have  no  moving 
parts.  They  protect  both  themselves 
and  their  loads  against  short  circuit. 

When  supplied  as  a  built-in’  p>art 
of  any  type  of  electrical  or  electronic 
equipment  Sola  Constant  Voltage 


Consta 


tmers 


Transformers  insure  longer  tube  life, 
fewer  service  calls  and  greater  satis¬ 
faction  to  the  user.  Consider  these 
transformers  in  your  basic  design. 


To  Manufaeturmn: 

Built-in  voltage  control  guaran¬ 
tees  the  voltage  called  for  on  your 
label.  Consult  our  engineers  on 
details  of  design  specifications. 

Atk  for  Byllotin  OCT-74 


Tontfermor*  fort  Constant  VoHago  •  Cold  Cotliod*  Lighting  •  Morcury  Lamps  •  Sories  Lighting  •  Fkiorescont  Lighting  •  X-Roy  Equipment  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  Door  Bells  and  Chimes  •  etc  SOLA  ILICTRIC  CO.,  3525  Clybowrn  Avo.,  Chicago  14,  IN. 
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erature  has  a  year-round  average 
of  about  80  deg.  F,  while  humidity 
stays  about  85—90  percent. 

Moisture,  resulting  from  this  ex¬ 
treme  humidity,  corrodes  metal 
parts  directly  and  facilitates  fun¬ 
gus  growth  which  causes  related 
damage  and  service  failures.  Once 
moisture  penetrates  insulation  it 
causes  leakage,  shorts,  electrolytic 
action,  and  eventual  breakdown. 
Difficulties  with  electronic  compo¬ 
nents  take  a  number  of  typical 
forms  in  the  cases  of  various  speci¬ 
fic  parts.  These  are  discussed  in 
the  following  text,  with  notes  on 
design  factors  that  have  been  ob¬ 
tained  from  a  branch  of  the  armed 
forces  concerned  with  such 
troubles. 


1917-1944 


27  YEARS  OF  PIONEERING 


Transformers 


•  Breaks  caused  by  electrolytic 
corrosion  frequently  occur  in  the 
windings  of  transformers.  Mois¬ 
ture  enters  the  windings  and  insu¬ 
lation  through  small  holes  in  the 
impregnation,  particularly  where 
the  leads  enter  the  windings.  Fib¬ 
rous  or  paper  insulation  absorbs 
and  retains  moisture,  and  in  addi- 


Pioneering  in  an  industry,  from 
its  infancy  .  .  .  thru  two  world  conflicts  ...  to  the 
present  electronic  age.  Pioneering  which  means  that 
coils  by  "Goto"  may  be  depended  upon  to  function 
as  intended  ...  for  a?  long  as  needed.  Depended 
upon  to  function  under  all  conditions,  whether  it  be 
in  one  of  our  bombers  high  in  the  clouds,  or  a 
radar  post  on  some  Pacific  atoll,  or  maybe  in  just 
a  motor  starter  box  back  home. 


When  so  much  depends  on  the  quality  of  your  coil 
windings,  the  integrity  of  your  supplier  is  your  only 
assurance  of  real  dependability. 


Amid  typical  tropical  aurroundinga, 
communicationa  eqtiipmant  ia  aat  up  in 
Dutch  New  Guinaa  by  Amarican  troopa 
that  londad  at  Hollondia 


COIL  SPECIALISTS  SINCE  1917 


"  COTO-COIL  CO..  INC. 

65  PAVILION  AVE  PROVIDENCE  5,  R.  1. 


tion,  contains  water-soluble  salts 
which,  when  combined  with  mois¬ 
ture,  cause  leakage  and  corrosion. 
Electrolytic  action  takes  place,  and 
the  result  is  an  open  circuit.  Fail¬ 
ures  of  this  sort  are  frequently 
preceded  by  intermittent  noises. 

To  prevent  such  failures,  insu¬ 
lating  materials  should  be  used 
which  do  not  absorb  moisture,  and 
the  windings  must  be  thoroughly 
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dry  and  sealed  from  the  damp  at¬ 
mosphere.  Among  satisfactorj- 
coil  assemblies  are  those  which 
have  been  impregnated  with  syn¬ 
thetic  ceresin  and  sealed  in  their 
cases  by  potting. 

Most  common  failures  from  elec¬ 
trolysis  result  when  fine  wire  is 
used  in  the  coils.  When^or  poten¬ 
tial  differences  exist  between 
windings  and  cases,  it  is  some¬ 
times  feasible  to  prevent  electroly¬ 
sis  by  insulating  the  case  and  pro¬ 
viding  a  leakage  path  between  the 
highest  voltage  and  the  case.  How¬ 
ever,  certain  hazards  may  be  in¬ 
troduced  because  additional  high- 
voltage  areas  will  be  exposed. 
Electrolysis  occurs  only  when  dif¬ 
ferences  of  potential  exist. 


WHEN  YOU  SPECIFY 


HARNESSES 


Capacitors 


Wiring  assemblies  individually 
designed  ...  to  your  own  rigid 
pecihcations  ...  by  HOWARD, 
specialists  in  the  design  and 
manufacture  of  radio  equipment. 


OWARD  MANUFACTURING  CORP. 


•^BUY  WAR  BONDS'i^ 


COUNCIL  BLUFFS.  IOWA 


Products  of  **MERIT”'are  passing  the  test 


t*  ^  f% 


Complyias  with  the  most'  exaainit  requirements  for  precision 
workmanship  and  durable  construction.  MERIT  has  established 
its  ability  to  produce  in  quantity  and  deliver  promptly 


Transformers  •  Coils  •  Reactors  •  flocirical  Windings  of  All  Typos  for 
Rodio,  RcMiar  end  Elocironic  Applications. 


Today  these  dependable  MERIT  precision  parts  are  secret  wea 
pons:  tomorrow  when  they  can  be  shown  in  detail  as  MERIT 
standard  products  you  will  want  them  in  solving  the  problems  of 
a  new  electronic  era. 


lllMStrsied:  High  Voltage  Transformers  A-2123  (sm^l)  and 


MERIT  COIL  &  TRANSFORMER  CORP. 

311  North  Desplaines  St.  CHICAGO  6,  ILL. 


Unless  they  are  properly  impreg- 
*nated,  capacitors  which  are  not 
hermetically  sealed  are  not  suit¬ 
able  for  tropic  use.  Most  capaci¬ 
tors,  when  new,  have  high  leakage 
resistance,  generally  in  excess  of 
1000  megohms.  But  unless  they 
have  been  properly  treated,  this  re¬ 
sistance,  after  a  few  weeks  ex¬ 
posure  to  tropical  moisture,  may 
decrease  to  a  few  megohms.  A  re¬ 
sistance  of  five  megohms  or  less  is 
usually  unsatisfactory  in  high- 
voltage  decoupling  capacitors  and 
particularly  in  coupling  units  used 
between  plate  and  grid  circuits. 
Grid  bias  is  made  more  positive  than 
the  proper  value  by  the  influence 
of  the  plate  voltage. 

Molded  mica-type  capacitors 
have  a  direct  opening  where  the 
leads  pass  through  the  case;  this 
leaves  a  path  to  the  outside  atmos¬ 
phere.  In  the  wet  tropics,  mois¬ 
ture  will  enter  and  follow  this 
path  and  eventually  cause  failure 
of  the  unit. 

This  trouble  can  be  largely  pre 
vented  by  impregnation  with  cere 
sin  wax.  If  properly  done,  this 
will  seal  molded  capacitors,  pro 
vided  the  leads  are  not  bent  or  dis 
turbed  so  as  to  cause  the  seal 
around  them  to  fail.  Since  ceresin 
has  a  relatively  low  melting  point, 
the  wax  will  become  fluid  at  high 
operating  temperatures.  However, 
this  will  not  prove  serious  in  the 
operation  of  the  capacitor  since  the 
wax  will  remain  in  the  pores  by 
capillary  action  and,  upon  cooling, 
will  actually  improve  the  seal 
rather  than  impair  it.  However, 


TTr 


206 


September  1944  —  ELECTRONICS 


ELECTRONICS  — Sep^emUr  1944 


//f  Fighting  "400 


AND  THE  ""Sixty-Nineteen 


On  the  morning  of  D-plus-7  Day,  Press  Wireless  made  radio  and  War¬ 
time  history  when  it  sent  and  received  the  first  news  dispatch  to  be 
handled  by  a  private  agency  direct  from  the  beachhead  in  Normandy 
to  America. 

Transmission  speeds  of  250  words  per  minute  and  more  are  being 
regularly  maintained.  This  fast,  direct,  close-to-the-bottle-lines  service 
of  Press  Wireless,  authorized  by  the  war  theater  command,  has  be¬ 
come  the  talk  of  the  communications  and  newspaper  worlds. 

Press  Wireless  radio  men  are  operating  the  transmitting  and 
receiving  stations.  Press  Wireless  designed  and  manufactured  the 
transmitter  being  used,  a  400-watt  set  installed  in  a  truck  so  that  it 

can  be  kept  close  to  the  action,  and  the  re¬ 
ceiver,  one  of  our  "6019"  series. 

The  last  radio  communications  company 
to  leave  France  at  the  time  of  the  German 
invasion  in  1940,  and  now,  the  first  to  return 
to  help  speed  the  liberation  of  France,  Press 
Wireless  is  justifiably  proud  of  the  distin¬ 
guished  service  its  men  and  its  products  are 
rendering  day  and  night  through  Station  PX 
in  Normandy.  This  achievement  is  brilliantly 
in  keeping  with  the  traditions  of  a  company 
that  has  been  performing -outstanding  feats 
in  world-wide  communications  and  engineer¬ 
ing  for  more  than  15  years. 


Awarded  to  our 
Hicktville,  Long  Island  Plant 
for  outstanding  Achievement 
in  War  Production 


Pin  SS  VViREirSx  inc 


i  Safes  Office,  Manufacturing  0 
^475  BROADWAY,  NEW  YORK 


Executive  Offices 

435  N.  MICHIGAN  AVENUE,  CHICAGO 


VIO  DE  JANEIRO  •  MONTEVIDEO  •  BERNE  •  SANTIAGO  DE  CHILE  •  NEW  YORK  •  CHICAGO  •  LOS  ANGELES 


LONDON 


HAVANA 


PRESS  WIRELESS,  INC. 
.  IS  DEVELOPING 
OR  MANUFACTURING 


•HIGH  POWER  TRANSMITTERS 

*  DIVERSITY  RECEIVERS 

•  AIRCRAFT  AND  AIRFIELD 
RADIO  EQUIPMENT 

•RADIO  PRINTER  SYSTEMS 
_^M0DUPLEX  UNITS  -trademark- 
^•CHANNELING  DEVICES 
y  •RADIO  PHOTO  TERMINALS 
;•  FACSIMILE  MACHINES 

’  AND  OTHER  TYPES  OF  RADIO  AND 
COMMUNICATIONS  EQUIPMENT 
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Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependable  power 
supply.  Pincor  is  proud  of  its  port  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 

DYNAMOTORS  .  .  .  CONVERTERS 
....DC  MOTORS 
POWER  PIANTS...GEN-E-MOTORS 


BUY  WAR  BONDS! 


PIONEER 

GEN-E-MOTOR 

CORPORATION 
5841-49  DICKENS  AVENUE 
CHICAGO  39.  ILLINOIS 

tXPORT  ADDRESS:  25  WARREN  STREET,  NEW  YORK  7,  U  S.  A.  •  CABLE  ADDRESS;  SIMONTRICE,  NEW  YORK 


heating  a  mica  unit  will  change  its 
its  capacitance  permanently;  this 
change  generally  decreases  the 
value  about  5  percent,  but  occas¬ 
ionally  the  decrease  may  be  as 
much  as  20  percent. 

For  efficient  operation  in  the 
tropics,  paper  capacitors  should  be 
of  the  metal-clad,  hermetically- 
sealed  type.  Ordinary  paper  or 
cardboard-cased  types  are  unsuit¬ 
able  for  use  in  the  wet  tropics  be¬ 
cause  they  quickly  develop  exces¬ 
sive  leakage  resistance.  While 
paper  tubes  which  are  properly 
wax-impregnated  will  keep  out 
moisture,  the  solid  wax  and  seals 
used  in  many  early  types  are  not 
adequate  to  protect  the  dielectric 
of  the  capacitor. 

A  tubular  capacitor  may  be 
tropic-proofed  by  being  placed  in 
a  second  tubular  casing  of  metal 
and  then  dipped  in  a  potting-type 
compound  which  will  not  fracture 
easily  when  solidified. 

Paper  labels  encourage  the 
growth  of  mold  and  the  accumu¬ 
lation  of  moisture.  It  is  better  to 
mark  the  value  with  paint  or  ink. 


Resistors 


Resistance  values  of  carbon- 
type  resistors  which  are  not  her- 
nietically  sealed  usually  increase 
slowly  with  time  and  eventually 
the  resistors  become  open.  Resis¬ 
tors  of  the  type  which  are  encased 
in  molded  material  can  be  treated 
effectively  with  impregnating  com¬ 
pounds. 

To  ensure  good  operation  and  to 
prevent  breakdowns,  resistors 
carrying  current  should  have  a 
wattage  rating  at  least  four  times 
that  called  for  Under  normal  condi¬ 
tions. 

Wire-wound  resistors  on  glazed 
ceramic  bases  hold  up  better  than 
wire-wound  types  built  on  organic 
materials  which  are  very  suscep¬ 
tible  to  fungus  growth.  Failures 
in  wire-wound  resistors  are  gen¬ 
erally  caused  by  corrosion  and  by 
other  factors  which  affect  fine 
wire  coils  in  general.  Practically 
all  low-wattage  resistors  can  be 
impregnated  successfully  with  a 
sealing  compound.  Here  again 
paper  labels  should  be  avoided. 

Carbon-type  potentiometers  op¬ 
erating  in  the  tropics  have  a  tend¬ 
ency  to  become  noisy  and  to 
develop  dead  spots.  Frequent 
cleaning  and  drying  is  thus  re- 
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HIGH  FREQUENCY 
PREHEATING 

...in  the  molding  of  plastics 

H  This  message  has  one  idea. ..to  emphasize  wartime 
progress  in  molding  methods  which  enlarge  the 
field  for  Durez  compounds.  In  the  post-war  period, 
high  frequency  preheating,  along  with  many  other 
new  developments,  will  provide  your  custom  molder 
with  the  means  for  making  his  service  even  more 
appealing  than  ever  before. 


The  use  of  high  frequency  preheating 
in  the  molding  of  phenolic  materials 
has  opened  up  a  completely  new  field 
especially  in  heavy  duty  materials  that 
is  a  natural  for  Durez  compounds.  The 
principal  advantages  of  this  method 
consist  of  (1)  a  reduction  in  the  mold¬ 
ing  time  cycle  and  (2)  a  better  molded 
product  with  greater  density,  improved 
electrical  properties  and  a  more  uni¬ 
form  cure. 


1  wn 


The  illustration  at  left  serves  as  an  ex¬ 
cellent  example  of  the  successful  ap¬ 
plication  of  high  frequency  preheating 
in  the  production  of  a  molded  plastic 
part.  The  item  pictured  is  a  terminal 
board  for  military  use  which  was  mold¬ 
ed  from  a  prefomi  of  high-impact 
macerated-fabric-type  Durez  phenolic 
molding  compound. 

The  basic  operation  of  all  high  fre¬ 
quency  preheating  is  shown  in  the 
simple  diagram  at  right  (notice  the 
preform  in  position  between  the  high 
frequency  electrodes).  Since  the  pre¬ 
form  is  never  a  perfect  non-conductor, 
some  leakage  takes  place  through  it. 
This  leakage  current  manifests  itself 
in  the  form  of  heat  and  thus  the  pre¬ 
heating  of  the  preform  takes  place 
quickly  and  thoroughly.  This  method 
of  preheating  is  particularly  valuable 
when  the  preforms  are  of  unusually 
thick,  heavy  duty  material. 


The  use  of  high  frequency  preheating 
in  the  molding  of  plastics  is  still  in  the 
process  of  development  and  therefore 
is  extremely  limited  at  the  present  time. 
However,  the  fact  that  its  usage  re¬ 
sults  in  a  reduction  of  the  molding 
time  cycle  and  a  better  product,  seems 
to  indicate  that  it  can  be  viewed  as 
one  of  tomorrow’s  certainties. 

This  is  but  one  of  many  developments 
in  which  Durez  phenolics  fill  the  bill. 
Because  of  their  excellent  dielectric 
properties,  inertness  to  solvents,  resist¬ 
ance  to  impact,  high  heat,  climatic 
changes,  mild  acids  and  alkalies,  Durez 
versatile  phenolics  have  found  a  place 
in  practically  all  fields  of  industry. 

Perhaps  there  is  some  question  in  your 
mind  about  the  inclusion  of  plastics  in 
your  post-war  plans.  Why  not  get  a 
competent  'answer  to  that  question 
now?  Our  staff  would  welcome  the 
opportunity  to  discuss  any  plastic  ma¬ 
terial  problem  with  you.  Durez  Plastics 
&  Chemicals,  Inc.,  89  Walck  Road, 
North  Tonawanda,  N.  Y. 
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quired.  Provision  of  adequate  ven* 
tilation  is  another  help;  units 
without  covers  often  exhibit  better 
operation  and  longer  life.  Wire- 
wound  potentiometers  used  in  cur¬ 
rent-carrying  circuits  suffer  cor¬ 
rosion  of  the  winding  and  of  the 
sliding  arm.  Potentiometers  of 
this  type  must  be  cleaned  periodic¬ 
ally.  Filling  with  white  vaseline 
improves  their  operation  and  pre¬ 
vents  failure. 

Insulators 

In  the  damp  heat  of  the  tropics, 
ordinary  sheet  fibers  and  materials 
which  absorb  moisture  will  warp 
and  yield.  This  characteristic, 
together  with  differential  expan¬ 
sion,  will  result  in  misalignment  of 
component  assemblies  and  will 
cause  changes  in  circuit  constants. 

For  use  in  the  wet  tropics, 


insu¬ 
lating  materials  in  sheet,  block  or 
molded  form  should  be  of  phenolic 
composition  which  resists  mois¬ 
ture.  Acrylate  and  methacrylate 
resins  are  fair  insulators  and 
may  be  used  in  low-frequency  cir¬ 
cuits  where  a  very  high  dielectric 
constant  is  not  required,  or  where  it 
will  not  be  subject  to  extreme  heat. 
Since  this  material  generally  can 
be  obtained  easily  around  airfields 
in  scrap  form  it  is  often  used  to  re¬ 
place  defective  insulation. 

Whenever  plastic  insulating  ma¬ 
terial  is  cut  or  drilled,  the  edges  of 
all  holes  and  cut  surfaces  should 
be  buffed  and  then  sprayed  or 
brushed  with  insulating  varnish  or 
lacquer. 


SAVE  TIME 
SAVE  WORK 
ca/l  ALLIED  first 


Get  EvBrvthina  in 
ELECTRONICS 
and  RADIO 
from  this  One  Source 


All  you  make  is  one  contact.  All  you  place  is 
one  order  .  .  .  for  everything!  Allied  carries 
today’s  largest  and  most  complete  stocks  under 
one  roof .  .  .  ready  for  rush  delivery.  Over 
10,000  items  to  meet  the  most  diverse 
needs.  Procurement  of  "har'd-to-get”  items  is 
facilitated  by  our  close  contact  with  leading 
manufacturers.  This  centralized  stock  and 
does  the  job — faster!  It’s 


New  R-F  Resonance  and 
Coil  Winding  Calculator 

Easy  to  use!  For  fast  ac¬ 
curate  determination  of 
resonance  factors  and 
coil  winding  data. 

No.  i7‘955.  Postpaid,  2Sc 


This  treatment  will  pre¬ 
vent  moisture  absorption  and  pre¬ 
vent  the  support  of  fungus  growth. 

Wiring 

The  use  of  hook-up  wire  having 
rubber  or  cotton  insulation  should 
be  avoided, 


procurement  service 
I  always  a  good  idea  to  call  ALLIED  First . .  . 
HHH  /  for  one  item  or  a  hundred! 

Write,  Wire,  or  phone  Haymarket  6800. 

ALLIED  RADIO  CORPORATION 

833  West  Jackson  Bivd.  Dept.  24-  J-4,  Chicago  7,  III. 

In  the  Heart  of  America’s  Transportation  System 


FREE 
Complete  J 
Up-to-date 
BUYING 
GUIDE 


Cotton  braiding,  even 
if  waxed,  will  absorb  moisture.  If 
an  organic  wax  is  used,  fungus 
growth  will  attack  it.  Even  non- 
susceptible  wax  impregnation  dis¬ 
appears  in  time  and  decomposition 
of  the  cotton  will  eventually  re¬ 
sult.  Hook-up  wire  with  Neoprene 
insulation  in  place  of  rubber,  and 
wire  with  Celanese  or  Fiberglas 
insulation  in  place  of  cotton,  are 
suitable. 

When  high-impedance  leads  are 
involved,  surface  wiring  is  more 
satisfactory  than  wiring  laced 
into  harness  cables.  If  wires  must 
be  laced  into  forms,  the  lacing 


All  these  well  known  makes 

IRC  Sprague 

Centralab  Aerovox 

Burgess  Hallicrafters 

Knight  Hammarlund 

Bliley  E.  F.  Johnson 

General  Electric  Cutler-Hammer 

Cornell-Dubilier  Hart&Hegeman 


and  MORE! 

Littlefuse 

Stancor 

Thordarson 

Belden 

Meissner 

Amphenol 

Shore 


Astatic 

Amperite 

Jensen 

Utah 

Sangamo 

Dumont 

Bussman 


RCA 

Raytheon 

Hickok 

Triplett 

Supreme 

Mallory 

Ohmite 
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materials  should  be  waterproof 
and  inorganic  in  makeup  so  that  it 
will  not  support  fungus  growth. 
Bindings  should  not  be  drawn 
more  tightly  than  is  required  to 
support  the  form. 

In  general,  solid  wire  will  hold 
up  better  than  stranded  wire  for 
surface’  wiring.  When  jdtessing 
wire  at  terminals,  care  should  be 
taken  not  to  bend  sharply,  stretch, 
dress  and  redress  lacquered  or 
varnished  wire  unnecessarily; 
otherwise,  the  coating  may  crack 
and  the  insulation  will  absorb 
moisture.  Wiring  should  be  as 
straight  as  possible;  bunching  or 
knotting  must  be  avoided.  Fungus 
growth  is  heaviest  where  wires  are 
crowded. 

Plugs 

Condensation  attacks  plugs ; 
moisture  gets  inside,  runs  down  on 
cables  and  is  often  the  cause  of 
failure  due  to  electrolysis  and  final 
shorting  of  leads.  Holes  could  be 
provided  in  the  bottom  part  of  the 
plug  to  drain  off  water. 


FOR  ALL  CIRCUITS  Of 
ELECTRONIC 
DEVICES 


Batteries 


Dry  cell  batteries  have  a  very 
short  life  in  the  wet  tropics.  Satis¬ 
factory  service  has  been  obtained 
from  those  in  which  both  inner  and 
outer  cases  are  well  impregnated 
with  wax  or  sprayed  with  a  mois- 
tureproof  coating. 

Batteries  which  are  mounted  in 
cases  should  be  well  screened  and 
separated  from  metal  surfaces  by  a 
liner  of  high-quality  moisture-re¬ 
sistant  insulation.  The  battery 
case  should  not  be  allowed  to  come 
in  contact  with  metal  at  any  point, 
even  though  the  battery  case  ap¬ 
pears  to  be  well-impregnated  with 
wax.  This  precaution  is  especially 
important  where  fairly  high  wat- 
tages  are  used. 

In  the  field,  the  life  of  dry  cell 
batteries  is  prolonged  by  repack¬ 
ing  them  in  tins — eight  cells  to  a 
tin — and  soldering  the  tins  air¬ 
tight.  The  batteries  are  left  in  the 
tin  until  needed. 


General  Electric  Deltabeston  Radio  Hook-up 
Wires  are  designed  specifically  for  manufac¬ 
turers  of  electronic  equipment  and  devices. 
These  wires  are  used  extensively  in  aircraft 
radio  and  communication  systems  and  are  also 
ideal  for  electrical  measuring  instruments, 
ground  communications  and  closely  associated 
applications. 

Deltabeston  is  constructed  in  two  types — 
No.  57376  for  low-tension,  up  to  1000  volts 
and  No.  57371  for  higher  voltage  services  up 
to  3600  volts.  Tinned  copper  wire  shield  can 
be  supplied  in  either  type.  Sizes  range  from 
22  through  6  and  larger  wires  can  be  supplied. 
Twenty-one  standard  braid  patterns  are  avail¬ 
able.  Others  can  be  furnished  to  satisfy  cus¬ 
tomers'  requirements.  Deltabeston  Hook-up 
Wires  are  treated  with  a  special  compound 
to  inhibit  the  growth  of  fungi. 


Hear  th«  General  ^ 
Electric  radio  pro-  V 
gramt:  "The  G-E  All  ^ 
Girl  Orchestro"  Son-  ’ 
day  10  P.M.  EWT.  NBC. 
"The  World  Today"  nows 
ovary  woekday  6:45  P.M. 
EWT.  CBS. 


For  edditionel  informetion  write  to  Seotion  T945-119, 
Appliance  end  Merchandise  Dept.,  General  Electric 
Co.,  Bridgeport,  Conn.  Deltabeston  Badio  Hook-np 
Wires  are  distributed  nationally  by  Graybar  Electric 
Company,  G-E  Supply  Corporation,  and  other  G-E 
Merchandise  Distributors. 


Dynamotors 

The  failure  of  dynamotors  has 
been  reported  in  which  the  cause 
has  been  found  to  be  the  high- 
voltage  output  shorted  to  the  case 
because  of  exposure  of  wire  insu¬ 
lation  to  excessive  moisture. 
Where  there  is  excessive  leakage. 


BUY  WAR  BONDS 
AND  KEEP  THEM 
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ONE  ALWAYS  STANDS  OUT 


IT’S  THE  QUALITY  OF  PERFORMANCE  THAT  COUNTS 


TBAOE  MARK  BEGISTEBED  U.S.  PATENT  OFFICE 


Where  slabiliiy  li  an  important  require 


merit,  A  i  S I M  AC  Steatite  ceramics  are 
unsur passed  for  lending  rigidity  and 
permanence  of  alignment  to 
electronic  circuits 


STEATITE  CERAMIC  INSULATORS 

The  chorus  is  good,  but  it's  the  lovelv  voict'  of  the  Prui’a  Donna  that  tfonds 
out  Years  of  training  and  experience  have  produced  the- exquisite  tone, 
range  and  color  of  a  great  voice 

Grand  opera  or  electronic  insulation  —  it's  the  quality  of  performance 
that  counts.  Custom-made  to  your  design  .  .  .  formulated  for  specific  chor  ic- 
teristics.  .  processed  with  the  knowhow  gained  from  42  years  leadership 
in  tht'  ceramic  field  .  .  ..  AiSiMaG  Steatit-'  lnsulcijm_s  lend  stand  out  perform' 
once  to  high  frequency  circuits 

AMERICAN  LAVA  CORPORATION 

CHATTANOOGA  5,  TENNESSEE 

42nd  YEAR  OF  CERAMIC  LEADERSHIP 


i 


\yon ’t  Y\.(indic(iP  important  Designs 
for  Lack  of  a  SMALL  Electric  Switch 


3  basic  contact  arrangements 


singie-circuit,  normaliy  open 


singie-circuit,  normaiiy  ciosed 


THE  G-E  SWtTCHETTE 
IS  ONLY  THIS  BIG 


doubie-circuit;  one  normaiiy  open 
and  one  normally  closed 


And  many  special  forms.  For  example; 


’s  A 

t  Hi 

^ _ 

— = 

three-point  structure 


single-break,  double-throw 


SWITCHETTES 


iUY  WAR  BONDS 


WHEREVER  you  need  a  tiny  contact  mechanism  in  ratings  up 
to  10  amperes  at  24  volts  d-c — an  enclosed,  self-contained 
unit  that’s  light  and  compact,  yet  can  withstand  thousands  of 
operations — there’s  a  G-E  Switchette  to  do  the  job. 

This  tiny  switch  weighs  only  9  grams,  and  is  suitable  for  use  at 
altitudes  up  to  50,000  feet  and  in  ambient  temperatures  from  200  F 
to  —  70  F.  It’s  corrosion-proof — meets  50-hour  salt-spray  tests.  It’s 
vibration-resistant.  The  contacts  will  not  chatter  when  subjected  to 
mechanical  frequencies  of  5  to  55  cycles  per  second  at  1 /32-inch 
maximum  amplitude  (1 /16-inch  total  travel),  or  to  a  linear  accel¬ 
eration  of  25  g  in  any  direction. 

Two  terminal  arrangements  are  available — out  the  ends  of  the 
case  as  shown  above,  or  out  the  top  through  the  cover.  This  makes 
for  easy  mounting  in  any  position. 

More  than  200  design  modifications  of  the  G-E  Switchette  are 
available  to  provide  for  a  wide  variety  of  electrical  and  mechanical 
arrangements. 

SHIPMENT  FROM  STOCK 

Some  forms  are  now  available  from  warehouse  stocks  in  sub¬ 
stantial  quantities,  to  give  you  quick  delivery  for  your  important 
war  jobs. 

For  your  copy  of  our  new  catalog  (GEA-3818B)  which  gives 
dimensions,  ratings,  and  ordering  directions  for  both  standard  and 
modified  Switchettes,  call  our  local  office.  General  Electric  Co., 
Schfnectady  5,  New  York. 


GENERAL 


ELECTRIC 
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and  what  it  can  mean  to  post- 


Look  ahead  . . .  Prepare  your  Salesmen 
For  the  Peacetime  Electronic  Era  to  Come! 


•  Where  will  you  fit  in  the  fiercely  com 
petitive  markets  that  will  come  with  the  war's 
end?  Your  position  can  be  determined  now. 


by  the  methods  you  employ  now,  in  the  design 
and  engineering  of  your  post-war  products.  Right 
now,  with  the  aid  of  seasoned  electronic 
and  mechanical  engineers,  your  peacetime  items 
can  be  started  toward  top-rank  positions  in  their  re¬ 
spective  fields. 

Alert  manufacturers,  with  a  view*  toward  post-war 
sales  and  quick  acceptance  of  their  products,  are 
urged  to  consult  with  National  engineers  now, 
on  matters  electronic,  electrical  or  mechanical. 
Write  today  —  Your  inquiry  will  receive  prompt 


attention. 


QUARTZ  CRYSTAL  PROBLEMS - 

Our  engineers  and  crystallographers  are  ready  and 
willing  to  help  you  on  the  following  items: 

Cnntal  Oscillatofs  Sup«fsoiitc  Dtvicm 


Timing  Eqiiipnwnt 


Fraqunnqr  Standanis 


Address  your  inquiry  to — Crystal  Division 


S/ectr/cai  and  f’mcAttpal  Enyinetring 


NATIONAL  SCIENTIFIC  PRODUCTS  COMPANY 

Designen  and  Manufacturers  of  Electrical  and  Mechanical  Devices 


5013-25  NORTH  KEDZIE  AVE.,  CHICAGO  25,  ILLINOIS 


arc-over  will  occur  and  the  arma¬ 
ture  winding  will  bum  out. 

Occasionally,  the  insulatioa  will 
test  satisfactorily  during  a  later 
inspection  if  the  equipment  dries 
out,  but  failures  will  recur  when¬ 
ever  the  same  conditions  of  previ¬ 
ous  failure  exist.  The  beat  way  to 
eliminate  such  failure  is  to  replace 
the  insulation  and  to  rearrange  the 
high-voltage  lead  so  that  it  is  kept 
away  from  the  dynamotor  case  and 
other  areas  of  ground  potential. 


Test  Instruments 


In  panel-type  meters,  corrosion 
attacks  the  leads  to  coils,  especi¬ 
ally  near  newly  soldered  joints.  It 
also  attacks  the  pivots  and  arma¬ 
tures  in  meters  which  are  not 
properly  sealed. 

Varnish  or  lacquer  must  be  used 
t(f  seal  test  instruments  after  they 
have  been  opened  for  repairs  or 
for  any  other  reason.  Meter  glasses 
should  be  sealed  to  the  case,  and 
other  openings,  such  as  screw 
holes  and  terminals  need  attention. 
Edges  of  the  back  panel  require 
sealing  with  tape  and  varnishing 
over.  The  zero-setting  adjustment 
screw  is  often  a  big  source  of 
trbuble  because  it  allows  moisture 
to  get  in.  After  each  readjust¬ 
ment,  it  must  be  painted  over  with 
varnish  or  lacquer. 

Even  after  applying  these  meas¬ 
ures,  test  instruments  will  still  fail 
under  conditions  of  high  humidity. 
It  has  been  found  practical  to  keep 
ohmmeters  and  other  test  instru¬ 
ments  in  heated  storage  boxes  with 
batteries  removed  when  the  instru¬ 
ments  are  not  in  use. 


Electronic  Indicator 
for  Detonation 


By  E.  A.  Traver 


General  Laboratories 
Socony-Vacuum  Oil  Co. 


The  device  whose  circuit  is  shown 
in  the  diagram  is  essentially  a  de¬ 
tonation  or  knock  indicator  which 
was  especially  designed  to  indicate 
the  intensity  of  the  knock  occur- 
.  ring  in  an  automobile  engine  when 
determining  the  octane  number  of 
a  gasoline.  The  conventional  sound 
level  meter  and  sound  analyzer  can¬ 
not  be  used  for  this  purpose  be¬ 
cause  of  the  transient  nature  of 
the  sound. 

Engine  knock  is  a  sound  of  short 
duration  which  dies  out  rapidly  and 
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1&€  rAPACITIUIl\ 

318  West  Schiller  St.  Chicaqo  10,  I 


^lapadtor  Problem 
h  Oil  Type  EC 

ACITROI^S 


PROMPT 

DELIVERY! 


Phone  Your  Requirements  Now! 


Height 

Inches 


Diameter 

Inches 


Working 
Voltage  D.C. 


Catalog 

Number 


6EC200 
6EC300 
6EC400 
6EC600 
6EC800 
6EC1000 
lOEClOO 
10EC200 
10EC400 
10EC600 
10EC8QO 
15EC50 
1  SEC  100 
15EC200 
15EC400 


CAPACITRONS 
Meet  U.  S.  Signal 
Corps  and  Navy 
Specifications 


Telephone 


Michigan  9656-7 
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WM.  I.  MURDOCK  CO 

138  Carter  St.,  Chelsea  50,  Mass. 


recurs  at  varying  time  intervals, 
Also,  the  sound  intensity  tends  to 
vary  with  each  recurrence.  This 
instrument  is  used  as  a  comparator 
for  indicating  the  relative  knock 
intensities  produced  by  two  differ¬ 
ent  fuels,  instead  of  measuring  the 
knocl(  intensity  of  each  fuel  on  an 
energy  scale.  — 

The  knock  comparator  consists  of 
the  following  elements :  a  micro¬ 
phone,  vacuum-tube  amplifiers,  fil¬ 
ters,  a  vacuum-tube  detector  and 
an  indicating  meter.  All  the  parts, 
with  the  exception  of  the  micro¬ 
phone,  are  built  into  a  portable 
metal 


which  contains  the 
necessary  batteries  and  also  serves 
as  a  shield  to  prevent  interference 
from  the  engine  ignition  system. 


Operation 

The  sounds  of  knock  and  other 
engine  noises  are  picked  up  by  a 
microphone  which  is  mounted  in 
the  engine  compartment.  The 
microphone  is  sensitive  to  all  the 
sounds  between  40  and  10,000  cycles 
per  second  occurring  in  the  engine, 
which  includes  the  transient  sound 
of  knock  or  detonation.  The  electri¬ 
cal  output  of  the  microphone  is 


WAR 

and 

POSTWAR 


'^tor  noise 
Curve.  I 


PERFECT  reception  and  trouble-free  performance  of  MURDOCK 
RADIO  PHONES  among  our  armed  forces  NOW,  is  insuring 
a  tremendous  postwar  demand. 


Mil*s  Per  Hour 


Typical  knockm.ter  cunres  of  unknown 
and  r.ier.nce  fu.la  during  acc.l.ration 
of  a  1939  Oldamobile  automobile 

passed  through  several  stages  of 
amplification  and  then  impressed  on 
the  grid  of  a  vacuum-tube  detector. 
A  variable  bandpass  filter  is  in¬ 
terposed  between  the  stages  of 
amplification  to  eliminate  engine 
noises  of  lower  and  higher  fre- 
those  comprising 


Remember,  sensitive  radio  phones  can  be  built  in  only 
one  way  —  by  precision  methods  —  close  tolerances 
and  close  inspection.  That’s  the  secret  of  MURDOCK 
performance.  Close  limits  eliminate  any  chance  of  loose 
parts  or  weak  connections  —  this  is  due  to  Murdock’s 
molded  construction.  You  are  always  sure  of  clear  recep¬ 
tion  and  permanently  fine  adjustment  when  you  wear 
Murdock  Headphones. 


quency 
knock. 

to  be  used  is  determined  by  experi¬ 
ment  and  varies  with  different  en 
The  detonation  or  knocl 


See  these  "Master  Radio  Phones!”  Send  for  Catalogue  of  Murdock 
Radio  Phones  and  accessories  TODAY/ 


gines, 

usually  has  a  frequency  between 
4000  and  7000  cycles  per  second. 

The  detector  circuit  uses  such 
values  of  capacitance  and  resistance 
that  the  effect  of  the  high  in¬ 
tensity  knock  sounds  are  main¬ 
tained  for  a  period  many  times 
longer  than  their  own  duration. 
The  time  constant  of  the  capacitor- 


Though  very  busy,  our  efficient  production  methods  open 
opportunities  for  makinic  more  Radio  Phones  and  parts 
for  others  through  sub-contracts.  WRITE  US. 


SUB-CONTRACTS 
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resistor  combination  is  made  some¬ 
what  longer  than  the  expected  in¬ 
terval  between  successive  detona¬ 
tions  so  that  the  average  voltage 
on  the  grid  of  the  detector  tube  de¬ 
pends  upon  the  more  intense  de¬ 
tonations  while  other  sounds  of  the 
same  frequency  have  very  little  ef¬ 
fect.  In  this  maimer,  tlie  Instru¬ 
ment  tends  to  indicate  an  average 
of  the  loudest  detonations  and  not 
an  average  of  all  sounds  occurring 
at  the  filter  frequency. 

The  meter  circuit  has  been  de¬ 
signed  so  that  a  decrease  in  current 
through  the  detector  tube,  which  is 
caused  by  an  increase  in  knock  in¬ 
tensity,  will  be  indicated  as  an  in¬ 
crease  in  meter  reading.  In  order 
to  make  it  possible  to  read  the  in- 


Filttr 


Circuit  of  tho  knockmoter  used  to  show 
the  relatiTe  intensity  of  two  fuels 


tensity  accurately,  the  meter  is 
damped  so  that  it  averages  the 
knock  indication  for  a  somewhat 
longer  period  of  time  than  the  de¬ 
tector  tube  circuit.  The  variable 
resistor  in  the  plate  circuit  of  the 
detector  permits  setting  the  meter 
to  zero  at  any  level  of  sound  in¬ 
tensity. 

The  automobile  is  operated  with 
a  non-knocking  fuel  under  normal 
conditions  to  determine  the  noise 
level  incident  upon  such  operation. 
This  operation  may  be  expressed  by 
a  curve  as  shown  in  the  graph.  If 
investigations  of  knocking  at  a 
single  speed  are  to  be  made,  only 
the  noise  level  at  that  speed  need 
be  determined,  but  in  the  usual 
case,  knocking  over  an  acceleration 
range  is  investigated.  Then  the 
auto  is  operated  under  knocking 
conditions  and  the  meter  adjusted 
to  give  a  center-scale  reading  at 
the  conditions  of  knock  encoun¬ 
tered.  This  adjusts  the  meter  to 
the  motor  with  which  it  is  to  be 


.  .  .  and  Ooins  riaces  with 
FeNnoflux  Acoustical  Devices 


•  P«rfum»onC9  ic  prk*- 
!•««,  iiKlisptnsabi*  foctur  that 
dUtinsvfchcs  oil  Pvrniofiwx 
ProdvcH,  With  a  lyiston  fix«d  wpan  th«  i«<|wir«- 
m*nt»  «f  fomomiw,  f*rmoftwx  i«  p«rf«cting 
d*vic«t  and  pra^*«*  that  will  widen  the 
opportunHie*  far:'^  •lochronlc  develepmant. 

BUr  Nion  WAK  BONDS  fOR  VKTORYI 


PERMOFLUX  CORPORATION 
4916-22  W.  Grand  Ave.,  Chicago  39,  Ilf. 

nONOll  MANUPACniKiilS  W  MMIIAMINT  MAONIT  DYNAMIC  TRANSOUCIRS 
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ir  Condenser  will  post-war  radios  have? 


You  can  be  sure  of  one  thing.  They  will  provide 


accurate  and  distinct  tuning  as  never  before! 


Air  condensers  of  Radio  Condenser  Co. 


are  used  today  on  radio  apparatus  of  our 


armed  forces  and  provide 


such  accurate  tuning  that  these  men  — 


your  post-war  prospects  —  will  want  the 


same  type  reception  in  their  commercial  sets. 


Give  them  this  reception 


by  using  our  condensers 


and  push  button  tuning  devices. 


.  .  .  Doing  a  war  job  today 
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used  in  the  contemplated  test. 

The  knock  indicator,  when  prop¬ 
erly  adjusted  for  the  car  engine  and 
test  conditions,  will  indicate,  knock 
intensities  in  much  smaller  incre¬ 
ments  than  can  be  detected  by  the 
ear.  The  instrument  will  also  re¬ 
produce  the  knock  intensity  com¬ 
parison  much  better  tLau.  the  same 
observer  on  successive  trials  or  on 
successive  days. 


Secret  Military  Tube  has 
Elements  in  Parallel  Plane 

A  LARGE  NEW  FAMILY  of  uhf  elec¬ 
tronic  tubes,  circuits  and  apparatus 
has  been  made  possible  by  the  in¬ 
vention  of  an  electronic  disc-seal 
tube,  called  the  “light-house  tube,” 
by  radio  engineers  in  the  military 
services.  The  existence  of  the  new 
fube,  was  acknowledged  publicly 
early  in  April  when  General  Elec¬ 
tric  was  allowed  to  disclose  that  the 
tubes  are  available  to  make  possible 
radio  relaying  of  television  and  f-m 
radio  programs  post-war.  Beyond 
that,  no  further  information  could 
be  revealed. 

The  Army  and  Navy  have  now 
approved  the  release  of  further  in¬ 
formation  on  the  tube,  including 
the  fact  that  it  has  given  the 
Allies  a  decided  edge  over  the  Axis 
in  the  military  radio  field. 

The  new  tube  eliminates  the  con¬ 
ventional  type  of  grid  anode  and 
cathode.  Instead  of  components  be¬ 
ing  fitted  around  one  another  as  in 
the  past,  they  are  now  constructed 
in  simple,  parallel  planes  or  layers. 


W«  have  found  these  mobile  Tea  Wagons  useful  in  our 
own  electronic  laboratory  and  are,  therefore,  offering 
them  for  sale  to  others. 

•  Well  built  of  W  plywood;  will  stand  any  normal 
abuse. 

•  Desk  type  slide  for  notes,  etc. 

•  Composition  castors  2Vi"  in  diameter. 

•  Available  in  two  sixes,  with  or  without  doors  to  en¬ 
close  lower  compartment. 

- SIZES  and  PRICES - 

Height  Without  Doors 

33"  $18.95 

34"  $23.95 


Width 


With  Doors 
$23.95 
$28.95 


Woodworking  Division 

TEMPLETONE 
RADIO  COMPANY 

Mystic,  Conn. 


aTHOOC 


HEATER 


Cross-soction  oi  the  new  uhi  tube  used 
in  military  equipment 
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Smooth  Operation 

calls  for  Smooth  Power  motors 


PLANNING  a  new  or  improve*!  «leviee  of  small 
size  that  will  need  low  torque  power?  Then 
you’re  going  to  need  motors  that  will  deliver 
it,  smooth  as  velvet,  with  instant  starting, 
quick  pick'Up  and  reliable  operation. 

GENERAL  INDUSTRIES  Smooth  Pouvr  motors 
fit  these  specifications.  For  years,  they’ve 
been  driving  such  peacetime  products  as 
phonographs,  record  changers,  control 
mechanisms  and  automotive  devices.  In  the 
war,  they’re  on  every  front,  doing  their  jobs 
day  in  and  day  out  with  the  reliability  of  a 
United  States  Marine. 

VERY  LIKELY  the  motor  you'll  need  will  come 
from  our  long  line  of  standard  Smooth  Pouvr 
motors.  But  if  not.  we  can  adapt  a  standard 
model  or  design  a  new  one  for  your  specific 
needs. 


IF  your  new  or  improve*!  pr*)*lucts  call  for 
comparatively  small  metal  fabricate*!  parts  or 
assemblies,  that’s  another  way  we  can  serve 
you.  When  *>ur  present  war  work  is  finishe*!, 
*>ur  mcnlern  plant  and  capable 
{>ers*)nnel  will  be  ready  to  go  to 
work  for  you.  We’*l  like  to  have 
you  call  *)n  us. 

THE  GENERAL  INDUSTRIES  COMPANY 


E  N  E  R  A  L 

NDUSTRIES 

COMPANY 


'^'7! 


Ws 


0.00002  TO  10,000  VOLTS 


Four  of  tho  hithorto  secret  tubes  har¬ 
ing  the  disk-seal  construction.  The  one 
at  leit  is  a  troiumitting  tube,  the  others 
are  receiring  types 


with  glass  and  metal  fused  together 
in  rigid,  inseparable  units  that  are 
strong  and  capable  of  withstand- 
mg  severe  jolts.  This  design  per¬ 
mits  an  extremely  compact  over-all 
tube  structure,  while  providing 
high  frequency  and  high  power  out¬ 
put.  It  gives  uniform  co-planar  elec¬ 
trode  design,  very  low  plate-to- 
cathode  interelectrode  capacitance, 
and  very  high  permanence  of  char¬ 
acteristics.  Megatron  is  the  gen¬ 
eric  name  applied  to  tubes  of  this 
design. 

General  Electric’s  development 
was  made  available  to  Allied  pri¬ 
vate  and  government  research  and 
engineering  groups.  The  Naval  Re¬ 
search  Laboratory  and  the  Camp 
,  I  Evans  Signal  Laboratory  of  the 
Army  were  among  the  government 
I  groups  which  actively  engaged  in 
J  the  early  applications  of  the  new 
I  development. 

•  •  • 


I  CHINESE  TRANSMITTER 


/ 


Fedcml 

Tubes... 


PERFECT 
VACUUM 


^  in  th 

front  of  tube  re««i^b 
and  development.  Federal 
makes  anodier  advance  and 
now  has  added  exhaust  units  of 
cndr^  new  and  oriisinal  desi|i^  to  its 
production  ecptipi^HlI. 

This,  latest  Fe^ral  achievement  produces 
a  tube  that  is  substantially  closer  to  the  per* 
feet  vacuum — a  tube  with  greater  eflBcienc> 
imd  kmger  life.  a 

Arrai^^fcd  in  banks  of  eight  and  operated 
alfti~Wliililli  si  control  equipment,  these  unitx 
eochaast  uniformly  every  tlize  of  Federal 
tnbe— assuring  a  consistent  and  high  stanch 
ard  of  quality. 

For  any  comn^^cation  afid  Ifitdastrial 
power  tube  nc^'^um  to  Fede^ 
its  repntatkm  ^Federal  al>^ys  made 
better  tul»es‘ 


Federal  Telephone  and  Radic^rporation 


Newark  1,  N.  J. 


ELECTRONICS  —  September  1944 


241 


BARKER  &  WILLIAMSON 

235  FAIRFIELD  AVE.^  UPPER  DARBY,  PA. 


Control  of 
Stills 

(Continued  from  page  99) 

twice  the  values  indicated.  The 
optimum  value  is  determined  by  the 
currerft  requirements  of  the  control 
cell  connected  between  Ti  and  Tj, 
and  its  maximum  resistance.  In  any 
event,  the  sensitivity  is  influenced 
by  the  potentiometer  setting. 

When  adjusting  the  unit,  should 
the  gas  tetrode  fail  to  conduct  with 
the  potentiometer  set  for  maxi¬ 
mum  bias  and  Ti  and  T,  connected 
together  through  the  control  cell 
having  its  electrodes  immersed  in 
single-distilled  water,  the  bias  is  re¬ 
duced  until  conduction  does  take 
place.  In  the  event  that  the  tetrode 
conducts  with  the  control  circuit 
lopen  and  with  the  potentiometer  set 
for  maximum  bias  the  value  of  Ci 
is  increased.  A  shield  for  the  lead 
connecting  the  grid  and  the  control 
cell  has  been  found  necessary  in  ap¬ 
plications  where  considerable  sensi¬ 
tivity  is  required. 

Limiting  resistor  is  selected  to 
limit  the  surge  current  to  the  rated 
value.  The  two  resistors,  and  R„ 
limit  the  average  current  to  that 
required  for  reliable  operation  of 
the  plate  circuit  relay.  Capacitor  Cj 
must  be  of  sufficient  capacitance  to 
smooth  the  relay  current  for  noise¬ 
less  operation.  Where  variable  con¬ 
ditions  are  present  in  the  control 
cell,  relay  chatter  can  be  reduced  by 
increasing  the  value  of  C,  as  much 
as  space  factors  permit. 

The  circuit  described  has  the 
usual  advantage  over  similar  hard- 
tube  circuits  in  that  the  gas  tetrode 
will  close  the  plate  circuit  relay 
with  no  uncertainty  if  it  closes  it  at 
all,  regardless  of  some  abnormal  be¬ 
havior  of  the  control  cell.  The  cir¬ 
cuit  described  has  been  in  operation 
without  a  single  failure  for  nearly 
one  year.  No  adjustments  beyond 
those  made  during  the  original  in¬ 
stallation  have  been  required. 

Seme  System  RefiRements 

In  some  applications  better  per¬ 
formance  may  be  obtained  by  con¬ 
necting  the  grid  lead  to  one  side  of 
the  control  cell  rather  than  to  the 
other.  The  control  cell  used  in  the 
present  application,  shown  in  Fig. 
3,  consists  of  a  tubular  unit  with 
two  platinum  electrodes  extending 
down  to  the  level  which  determines 


txpout  LINOETEViS,  INC,  10  0*ckRf*IUr  Flasa,  N«w  York,  N.  Y.,  U.  S.  A. 


fRtE 

for 

‘“"PI. 


New  Standards  of  iffkiency 
for  Many  Types  of  Radio  Equipment 


I HINK  of  all  of  the  places  where 
you  can  use  exceptionally  ragged, 
finely  made,  light-weight  little  coils 
like  this !  Many  types  of  mountings, 
pitches  from  4  to  44  t.p.i..  and  any 
diameter  from  Vi"  to  1*4"  can  be 
supplied.  Q  is  amazingly  high,  due 
to  the  small  amount  of  insulating 
material  in  the  electrical  field. 

These  B  & W  Miniductors  can  be 


equipped  with  either  fixed  or  vari¬ 
able.  internal  or  external  coupling 
links,  and  many  other  speciu 
features.  They  are  adaptable  to 
every  need  from  complicated  band¬ 
switching  assemblies  and  "tailor- 
made**  eoupling  link  units,  to 
sturdy,  easy-to-mount  coils  for  any 
tuned  r-f  circuit.  Send  us  your 
specifications.  We*ll  match  theml 
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Tyi»*  C- 

«363  Switch  /Circ«)t  ^ 
Br(Kik«r. 


TyiMi  07220  fhrccMon  Snap 
Switch.  12  amps.  30  VoHs 
OiC.  125  Volti  A.C 


msM. 


Typn  ER  Snrin*.  Ambinnt 
Compnnsatnd  Tl«n  Dn- 
loynd  R»iay>. 


Typn  RT  Thnrmottot.  Ad* 
{nttabln  Tnapnratvrn 
Control. 


For  Positive  SNAP-ACTION 
Control  or  Protection 


use 


Klixon  Disc -Operated  Controls 


TyOn  C*4351  Therwoctat 
UsndforTiibnWaflnine. 
Tttbn  Coicane,  High  UmR 
Controls,  ntc 


cr> 


No  relays,  toggles,  magnets  or  other  fussy  compli¬ 
cated  operated  parts — but  a  simple  snap^acting  ther¬ 
mostatic  disc  operates  Klixon  Controls.  That’s  why 
you  get  positive  control  or  protection  when  you  use 
Klixon  Disc-Operated  Controls  for  motor  and  trans¬ 
former  overheat  protection,  electrical  circuit  over¬ 
current  protection,  thermal  time  delays  or  tempera¬ 
ture  control  for  radio  equipment. 

The  foolproof  actuating  element  snaps  “on”  and 
"off”  for  a  quick  clean  break  or  a  positive  solid 
make.  Klixon  Controls  are  small,  compact,  light 
weight .  .  .  are  easily  installed  in  circuits.  Their  ac¬ 
curate  operation  is  unaffected  by  shock,  vibration, 
motfotp  or  altitude.  They  are  available  in  a  wide 
range  of  standard  types  and  ratings  to  meet  practi¬ 
cally  all  control  requirements.  Write  for  complete 
information. 
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SRINCIR  THERMOSTAT  COMPANY,  ATTLEIORO,  MASS. 


Typ*  t*3120  Thormostat  ond, 
H*at*r,  Cry$tol  0«w  Point 
CofrtroL 


PACKAGED  METAL  ENGINEERING" 

saves  you  time,  money,  labor  on 

INTRICATE,  UNUSUAL,  COMPLEX. JOBS 


the  minimum  level  of  the  water  in 
the  boiling  flasks.  It  has  been 
found  advantageous  to  set  the  elec¬ 
trodes  at  slightly  different  levels, 
with  the  grid  connected  to  the 
higher  one.  Electrolysis  in  the  con¬ 
trol  cell  has  produced  no  difficulties, 
probably  due  to  the  use  of  a.  c.  in 
the  control  circuit  and  the  exceed¬ 
ingly  small  currents  flowing. 

The  solenoid  valve  is  placed  in  the 
water  line  leading  from  the  single- 
distilled  water  storage  tank  to  a 
reservoir  and  the  control  cell.  The 
reservoir  was  added  in  order  to 
lengthen .  the  period  between  suc¬ 
cessive  operations  of  the  system. 
Since  it  is  the  minimum  level  that 
requires  control  rather  than  the 
maximum  level,  it  is  preferable  that 
water  be  added  in  relatively  large 
amounts  at  infrequent  intervals 
gather  than  in  small  amounts  at  fre¬ 
quent  intervals.  The  amount  added 
is  controlled  by  a  self-starting  si¬ 
phon  in  the  reservoir  and  by  the 
rate  of  flow  from  the  reservoir  to 
the  control  cell.  By  partially  filling 
the  connecting  tube  between 


ETCHED  DIALS  AND  PANEL 
with  precision  fabricotion 
and  decorative  ingenuity 


•  STAMPING 

•  DRAWING 

•  SPINNING 

•  WIRE  FORMING 

•  ETCHING 

•  LITHOGRAPHING 

•  TOOLS  &  DIES 

•  EMBOSSING 

•  HARD  ENAMELING 

•  SCREW  AAACHINES 

•  LINE  ASSEMBLY 

•  AAACHINING 

•  SPRAYING 

•  HEAT  TREATING 

•  DRILLING 

•  WELDING 

•  PLATING 

•  ENAMELING 


Here’s  production  and  decorative  versatility— heavy  gauge 
alumihuni  panel  with  61  accurately  positioned  holes,  certain 
aluminum  attachments  welded  to  the  back,  finished  in  3  colors 
of  high-baking  enamel.  Dials  with  sharply  defined  close  toler¬ 
ance  calibrations,  precision  placement  of  holes— of  different  sizes 
and  shapes  and  types  of  metal,  finished  in  special  plating,  color¬ 
ing,  and  enameling  processes. 

Typical  examples  of  Grammes  complete  precision  production 
skills  and  facilities  to  produce  Panels,  Dials,  Escutcheons,  Bezels, 
and  Name  Plates  that  are  intricate,  varied,  and  unusual. 

With  69  years  of  precision  fabricating  skills,  broad  "know¬ 
how”  and  cleverly  devised  assembly  methods.  Grammes  can 
save  you  time,  money,  and  materials  on  your  parts  or  product. 
The  facilities  listed  provide  a  centralized  set-up  for  efficient  and 
economical  precision  fabricating  and  assembling. 

Grammes  can  also  be  your  complete  manufacturing  source 
providing  the  all-inclusive  services  and  facilities  of  '  Packaged 
Metal  Engineering”— */«  one  package  . .  .  in  one  service  •  •  • 
take  over  ALL  responsibility,  acting  as  YOUR  factory,  from 
Design  Research  to  Drop  Shipments. 

CONTRACT  SERVICE 

—your  COMPLETE  manufacturing  source 

From  idea  development  and  product  Improvement  to  post-war  manu- 
fiu^ure.  Grammes  Contract  Service  fecilities  are  available  NOW  for 
Research,  Design,  and  Engineering.  Let  us  work  with  you,  complete 
confidence  assured.  Send  today  for  our  booklet—  Contract  Service  by 
Grammes”— Dept.  1-9. 


reser¬ 
voir  and  control  cell  with  glass  wool 
the  rate  of  flow  may  be  adjusted  to 
the  point  where  the  reservoir  fills 
just  as  the  water  level  in  the  control 
cell  reaches  the  electrodes  and  closes 
the  electromagnetic  valve.  The  glass 
wool  restriction  also  serves  to  damp 
out  level  fluctuations  due  to  boiling 
action  as  the  water  level  approaches 
the  operating  point. 

The  sensitive  electronic  relay  con¬ 
trols  simultaneously  the  valve  and 
electric  heater  circuits,  opening  the 
valve  and  turning  off  the  heaters 
whenever  the  system  calls  for 
water.  In  the  event  that  the  single- 
distilled  water  tank  becomes  empty, 
or  the  valve  fails  to  open,  or  any 
other  condition  prevents  the  normal 
supply  of  water,  the  still  heaters  are 
shut  off.  Similarly,  most  failures  in 
the  control  itself  will  result  in  open¬ 
ing  both  the  heater  and  the  valve 
circuits,  thus  effectively  turning  off 
the  stills.  By  inserting  a  time-clock 
switch  in  the  line  side  of  the  control 
circuit  the  system  may  be  set  to  op¬ 
erate  automatically  for  a  predeter¬ 
mined  time. 

The  heater  system  as  installed 
originally  was  provided  with  a 
three-phase  electromagnetic  switch 
operated  from  the  usual  “off-on” 
pushbutton  station.  To  give  the 
electronic  unit  control  of  the  switch 
with  a  minimum  amount  of  rewir- 


DECORATED  METAL 
PRODUCTS  SPECIALISTS 
—applying  artistic 
designs  and  finishes 
that  add  beauty  and 
color  to  your  product. 


MASTER  CRAFTSMEN  IN  METAL’ 


CLEVELAND 


DECORATED  METAL  PRODUGS* ETCHED  DIALS«PANELS*PlATES*CONTAaS*TERMINAlS«CLIPS*LUGS«ETC. 
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^^Sdi^ned  to 

"Speou  Service 


courivv  w.  o. 


FABRICATED  PRODUCTS 


2*50  WEST  BELDEN  AVENUE.  CHICAGO  47.  ILL 


NUnuUctmert  of  SOCKETS,  TERMINAL  AS 
SEMBUES,  JACKS  AND  CONNECTORS 
for  Hit  im  every  field  of  electronic t. 


In  the  electrical  os  in  the  elec¬ 
tronic  field.  National  Fabricated 
has  engineered  botteryi  sockets 
and  receptacles  to  meet  every 
specialized  need.  High  speed 
production  soldering,  rugged 
construction  and  positive  elec¬ 
trical  contact  under  severe  con¬ 
ditions  of  corrosion  and  usage 
characterize  National  Fabri¬ 
cated  Products  Battery  Sockets. 
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Shallcross 

SELECTOR  SWITCHES 


For  quality  selector  switches — try  Shedlcross! 

Dozens  of  standard  designs  are  availfdsle 
— and  each  of  these  is  subject  to  many  varia¬ 
tions  to  suit  individual  requirements. 

Shallcross  Selector  Switches  are  the  logical 
outgrowth  of  our  own  need  for  dependable, 
high-quality  units  for  exacting  Shallcross 
electrical  measuring  devices  and  other 
equipment.  You'll  find  them  unexcelled  for 
use  wherever  the  call  is  for  switches  of 
assured  better  performance. 

MOISTURE,  ANTI-FUNGUS  PROTECTION 

All  ShallcTOU  Selector  Switch  types  are  orailoble 
treated  with  moisture-  and  fungus-proofinq  materials 
that  meet  Signal  Corps'  speciiications. 

Writ*  for  Switch  Bullotins  C-l  and  C-2 


Ayrtoa  Univaraal  Shunts 
Ratio  Bozos 


Whoatstono  Bridgas 


XolTia-Whoatstono 

Bridgas 


Milli-ohm-molars 


M  agohaamators 


ing,  and  to  retain  the  original  push¬ 
button  station,  a  simulated  push¬ 
button  station,  relay-operated,  was 
devised.  This  station  consists  of  a 
solenoid  contactor  in  combination 
with  a  mercury  switch.  The  mer¬ 
cury  switch  is  fixed  to  the  contactor 
armature  in  such  a  position  that  the 
closing*  of  the  contactor  causes  the 
mercury  to  fiow  toward  the  end  of 
the  tube  into  which  the  contacts  are 
sealed ;  however,  the  closed  posi¬ 
tion  of  the  contactor  is  such  that 
the  globule  of  mercury  does  not  re¬ 
main  across  the  contacts.  Closing 
of  the  circuit  is  dependent  upon  the 
inertia  of  the  moving  globule  carry¬ 
ing  it  past  the  equilibrium  position 
to  make  momentary  contact  before 
returning  to  the  position  of  rest. 
This  action  simulates  the  pushing 
of  the  “on”  button.  Release  of  the 
armaturb  by  a  signal  from  the  auto¬ 
matic  control  unit  is  equivalent  to 
pushing  the  “off”  button. 

In  addition  to  its  use  in  the  still 
system,  the  electronic  relay  de¬ 
scribed  has  been  found  ideal  for  use 
with  sensitive  thermo-regulators 
whose  precision  depends  upon  the 
maintenance  of  clean  contactors. 
The  exceedingly  small  currents 
drawn  by  the  unit  permit  operation 
for  long  periods  of  time  with  mer¬ 
cury  thermorearulators. 


ACTRESS  DRAFTED  FOR 
RADIO  BY  ARMY 


Virginia  Robinson.  Broadway  actrou, 
broadcasts  msssages  over  a  U.  S.  Army 
radio  not  in  Italy  to  Gorman  soldiors. 
Sho  wont  to  Italy  to  ontortoin  Yonkoe 
and  Alliod  troops:  instoad  hor  oxcol- 
lont  Gorman  was  usod  to  mako  propa¬ 
ganda  spoochos  botwoon  musical 
numbors 
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IKCREDIBLE  SALEIEE 

The  Case  of  the  Flying  Gull  .  .  . 


During  the  storm  season  of  1942,  The  Fly¬ 
ing  Gull  ran  into  heavy  seas  in  the  Gulf 
of  Mexico.*  Running  before  a  terrific  wind, 
she  all  but  made  port.  Then,  just  as  she 
was  putting  about  near  Hunter’s  Point,  she 
shipped  a  gigantic  wave  and  foundered. 
All  hands  were  saved.  But  The  Flying  Gull 
rested  in  eight  fathoms  of  Gulf  water. 

Salvage  operations  were  started.  Later  in 
1942,  when  The  Flying  Gull  was  in  the 
dock  and  her  electrical  equipment  ripped 
out,  an  amazing  thing  occurred.  George 
Long,  of  The  Harris  Salvage  and  Drydock 
(Company  of  Galveston,  put  the  Therma- 
dor  transformer  equipment  on  a  shelf  ia 
the  sunshine— mentally  assigning  it  to  the 
scrap  metal  drive.  Three  days  later,  out  of 
curiosity,  he  hooked  the  transformers  onto 
a  testing  bench  and  flipped  on  the  current. 
To  his  amazement,  they  still  showed  signs 
of  life.  He  then  ran  standard  tests.  To  his 
further  astonishment,  all  twelve  of  the 
transformers  were  not  only  working— they 


were  working  perfectly. 

Harvy  Stark,  owner  of  the  boat,  had 
already  ordered  a  complete  new  set  of 
transformers  from  Thermador.  He  can¬ 
celled  the  re-order.  And  today  The^lying 
Gull  sails  with  her  original  Thermador 
transformers.  Not  designed  for  the  briny 
deep— but  they  could  take  it! 

Such  stories  of  plus  performance  are  not 
accidents,  for  Thermador  transformers  are 


built  to  perform  beyond  normal  expecta¬ 
tions.  They  are  completely  manufactured— 
not  just  assembled— under  one  roof  on  a 
vast  array  of  modern  precision  equipment. 
They  are  made  only  from  the  finest  ma¬ 
terials,  engineered  by  men  of  broad  expe¬ 
rience.  The  result  is  not  alone  quality  but 
quality  in  quantity.  If  that  meets  your 
specifications,  better  discuss  transformers 
with  Thermador. 


THE  RMADOR 
TRANSFORMERS 

DEFEAT  HEAT  •  COLD  •  HUMIDITY 


*Am  actual  case  history  from  Thermador  files;  however  names,  dates,  and  location 
have  been  altered.  Buy  MORE  War  Bond*. 


'V  THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 

'  -  SEVEN  LEAGUES  AHEAD  "  S119  SOUTH  RIVERSIDE  DRIVE  •  LOS  ANGELES  22,  CALIFORNIA 
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for  greater  accuracy,  referred  to 
the  D  scale,  which  give  the  value 
of  negative  powers  («"•)  with  a 
single  setting.  Besides  folded  and 
inverted  scales  on  both  body  and 
slide,  provision  is  made,  when  de¬ 
sired,  for  scales  represen  hyper¬ 
bolic  functions,  also  speiial  scales 
for  navigators,  surveyors,  chemists 
and  other  specialists. 


THE  ELECTRON  ART 


N«w  Rotaiiiig  Slid*  Rule  with  24  Sccdes  on  Slider . 

Amplitude  Control  lor  Variable-Frequency  Oscillators 
Electronics  in  AIEE . 


Automatic  Amplitude  Control 
for  Variable-Frequency 
Oscillators 

Adjustment  of  the  frequenct  of 
oscillators  by  varying  the  capaci¬ 
tance  or  inductance  of  the  tuned 
circuit  is  common  practice  but  with¬ 
out  some  stabilizing  means  the  am¬ 
plitude  of  the  oscillation  usually 
^varies,  sometimes  considerably,  as 
the  frequency  is  changed.  Means 
of  stabilization  have  been  suggested 
in  the  past,  such  as  the  use  of  a 
diode  shunted  across  the  tuned  cir¬ 
cuit,  but  while  such  arrangements 
produce  some  improvement,  the  de¬ 
gree  of  stabilization  obtained  is  in¬ 
sufficient  for  many  purposes. 

A  review  of  the  diode  method  and 
a  new  improved  system  are  de¬ 
scribed  by  M.  M.  Levy  in  the  /our- 
nal  of  the  British  Institution  of 
Radio  Engineers  (9  Bedford 
Square,  London,  W.  G.  1)  for 
March-May,  1944., 

In  Fig.  1  is  shown  the  tuned  cir¬ 
cuit  of  an  oscillator  connected  to  a 


S«T*ral  Ti*ws  oi  th«  naw  slid*  nil*  ond  ita  osMinblict.  At  lowar  left  Is  a  ssetloa 
of  ths  body  oi  the  rule,  rotatable  slide  and  housing.  A  cross-section  is  at  lower  right 
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MICRO  SV/ITCHES 


LEAR  AVIA,  INC.  RELY  ON 
FOR  INSTANT,  PRECISE  CONTROL  OF  ELECTRO-MECHANICAL  ACTUATORS 


FREEPORT,  ILL.,  U.SJ^.,  Sales  Offices  In  New  York,  Chicago, 
Cleveland,  Los  Angeles,  Boston,  Dallas,  Portland,  (Ore.) 


J[^^icro  Switches  are  responsible  for  the  accurate 
operation  which  has  made  Lear  Actuators  ideal  components 
for  use  in  military  aircraft. 

Lear  Avia,  Inc.,  Piqua,  Ohio,  who  build  these  light,  power¬ 
ful  electro-mechanical  devices,  find  Micro  Switches  provide 
the  precise,  instant  control  required  yet  keep  within  the  re¬ 
quired  limits  of  small  space  and  light  weight. 

This  small  Lear  Actuator  shown  here  weighs  but  3.3  pounds. 
Yet  it  is  capable  of  moving  12(X)  pounds.  Rotary  type  Lear 
Actuators  are  capable  of  operating  torques  from  400  inch- 
pounds  to  6300  inch-pounds. 

Lear  Actuators  must  operate  instantaneously.  Micro 
Switches,  used  in  pairs,  cause  the  unit  to  start  or  stop  at  the 
exact  point  of  predetermined  setting  in  the  control  box.  The 


first  Micro  Switch  limits  the  actuator  travel  in  one  direction,  the  second 
Micro  Switch  serves  as  the  limit  to  travel  in  <he  other  direction.  Lear  Actua¬ 
tors  may  be  controlled  by  manual  switches,  thermostats,  pressure  switches,  etc. 
Micro  Switches  were  selected  by  Lear  Avia,  Inc.  because  a  sensitive  and  pre¬ 
cise  limit  switch  was  required  to  provide  the  accuracy  of  control  necessary. 
The  quick  make-break  aaion  of  Micro  Switches  was  also  found  to  assure 
long  operation  life  on  severe  direct  current  loads.  No  unit  failure  due  to 
faulty  Micro  Switches  has  ever  been  recorded. 

Designers  and  production  engineers  who  are  letting  pre-conceived  ideas  go 
by  the  boards  . . .  seeking  a  new  way  . . .  will  do  well  to  investigate  Micro 
Switch.  This  tiay,*snap-action  elearic  switch  can  be  counted  on  for  any  ap¬ 
plication  where  a  small,  precise,  sensitive  switch  is  required  that  will  respond 
accurately  to  actuating  motion  through  millions  of  repeat  operations. 
Micro  Switches  provide  over  2100  variations  . . .  combinations  of  housings, 
actuators  and  electrical  characteristics.  For  complete  information,  send  for 
Handbook-Catalog  No.  60.  If  your  application  is  for  aircraft  use,  also  send 
for  Handbook-Catalog  No.  70. 


Th«  basic  Micro  Switch  te  a  thumb-size,  feather-light,  plas¬ 
tic  enclosed,  preebion,  snap-action  switch.  Underwriters' 
listed  and  rated  at  1200  V.A.,  at  125  to  460  volts  o-c 
Capacity  on  d-c  depends  on  load  characteristics.  Accurate 
repeat  performance  b  experienced  over  millions  of  opera¬ 
tions.  Wide  variety  of  bask  switches  and  actuators  meets 
requirements  varying  from  high  vibration  resbtance  to 
sensitivity  of  operating  force  and  motion  as  low  as  2/1000 
ounce-inches.  Many  types  of  metal  housings  ore  available. 


I'Uses  UnRmited'*— a  dromotk  toAing  motion 
picturo  of  Micro  Switchof,  in  color,  b  ovoikiblo  to 
industrial  groups,  training  clossos,  sctioob  and 
collogos,  through  Y.M.C.A.  Motion  Picturu  Bureau, 
Now  York,  Chicago,  Son  Francisco.  Siu:  16  mm. 
Length:  40  minutes.  Write  us  for  details. 


IfT’S  ALL 
BACK  THE 
AHACIf— 
BUY  EXTRA 
WAR  BONDS 


A  DIVISION  OF  FIRST  INDUSTRIAL  CORPORATION 


Fig.  1 — CHrcnit  Uluitrating  th*  principl* 
oi  ■tabiUsation  of  oacUlotor  outpuf 
ompUtado  by  moons  oi  a  diodo 


stabilizing  diode  D.  The  cathode  of 
the  diode  is  made  positive  by  a  bat¬ 
tery  B  or  other  suitable  means,  and 
the  biasing  voltage  is  chosen  to  be 
slightly  less  than  the  desired  max¬ 
imum  voltage  to  be  generated  in  the 
tuned  circuit.  If  the  amplitude  of 
the  oscillations  should  tend  to  in¬ 
crease  when  the  frequency  is 
•changed,  the  diode  D  will  become 
conducting  for  the  peaks  of  the 
positive  half  waves  and  will  act  as 
a  load  on  the  tuned  circuits  which 
increases  as  the  amplitude  in¬ 
creases.  It  therefore  tends  to  limit 
the  amplitude  of  the  oscillations. 
However,  experience  shows  that  the 
stabilizing  control  is  not  very  great, 
and  considerable  amplitude  varia¬ 
tions  still  occur. 


adds  plenty  to  our  cost  of 
manu^icturing  Cannon  Plugs.  We  can’t  hold  to*^  such  high 
produaion  standards  without  paying  for  it. 

But  what  is  it  worth? . 

When  a  set  of  flying  instruments  go  dead  in  a  soupy  fog, 
when  a  motor  konks  out  in  a  power  dive,  when  a  plane 
crashes  with  a  loss  of  life — it’s  worth  a  lot  to  us  to  know  that 
a  Cannon  Plug  didn’t  cause  the  trouble. 

And  if  such  assurance  is  worth  the  extra  time  and  better 
materials  and  added  inspection  cost  to  us  how  much  more  is  it 
worth  to  the  men  directly  involved? 

Your  answer  to  that  one  is  your  best 
reason  for  using  Cannon  Plugs  exclusively. 


I7«e  0/  Triode 

The  effectiveness  of  the  control  is 
greatly  increased  by  using  the  cir¬ 
cuit  of  Fig.  2  which  uses  a  triode 
to  shunt  the  tuned  circuit  instead 
of  a  diode  and  which  applies  to 
the  control  grid  the  amplified  and 
rectified  variations  of  the  oscillat¬ 
ing  voltage  by  means  of  the  detec¬ 
tor  amplifier  connected  as  shown. 
fRis  can  be  most  easily  appreciated 
in  the  following  way.  Let  v  be  a 
variation  in  the  amplitude  of  the 
oscillating  voltage.  This  will  be  de¬ 
tected  and  amplified  and  will  be 


lottery  Ceaoictor  loNetio 

lists  a  wide  variety  of  Cannon 
Conneaor  types  for  battery 
installation.  Your  copy  free 
on  request.  Address  Depart¬ 
ment  A-120,  Cannon  Electric 
Development  Co. ,  3 209  Hum¬ 
boldt  Street,  Los  Angeles  31, 
California. 


Type  AA-BR  Rtceptack  and  AA-BP  Plug  provide  easy 
servicing  of  aircraft  storage  batteries 


Detector  and 
d-c  amplifier 


Cooooo  Electric  Developioeat  Ce.,  Les  Aogeles  31,  Cdifoniia 

Canadian  Factory  and  Engineering  Office:  W 

Cannon  Electric  Co.,  Ltd.,  Toronto,  Canada 


Fig.  2 — Addition  of  on  omplifier  to  a 
triodo  pormits  voriationa  of  the  oacil- 
lotor  voltage  to  be  detected,  amplified 


ftEPRESENTATIVES  IN  PRINCIPAL  CITIES  —  CONSULT  YOUR  LOCAL  TELEPHONE  DIRECTORV  and  transmitted  to  the  g«d  of  die  triode 
2S4  SnpHmbnr  1944  — ELECTRONICS 


::LEC 


5  '  i 


I 

||W»  v#*** 

*««T.  •«*“'<*■ 


V»yNIQUE  research,  engineering, 
tool  making  and  production  skills 
combine,  not  only  to  build  control 
devices  that  fulfill  the  most  exacting 
requirements,  but  also  to  build  spe¬ 
cial  purpose  devices  for  which  no 
specifications  exist.  Our  list  of  cus¬ 
tomers,  the  most  exacting  in  govern¬ 
ment,  aviation  and  manufacturing, 
attest  to  these  skills. 

Manufacturers  of 


and  Components  . .  .  for 
Electric,  Electronic  and 
Mechanical  Applications 
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EASTERN  AIR  DEVICES,  INC. 

DEAN  STREET  •  BROOKLYN,  N.  Y. 

Am  ASiliatm  of  THE  FKCD  GOAT  CO.  (NC,  Spocwf  Mochimmry  SpmchUttt  Sioco  1493 


STENCILING  or  MARKING 


multiplied  by  some  factor  be¬ 
coming  fiiV.  This  voltage  is  applied 
to  the  grid  of  the  tube  and  produces 
the  same  damping  effect  on  the 
tuned  circuit  as  another  voltage  P 
applied  to  the  plate  and  equal  to 
HiV  multiplied  by  another  factor  p,; 
thus  P.  =  fii  fitV.  It  is  evident  that  a 
much  greater  load  will  be' placed  on 
the  tuned  circuit  for  the  same  value 
of  V  with  the  arrangement  of  Fig.  2 
than  with  that  of  Fig.  1,  and  accord¬ 
ingly  a  much  more  effective  stabil¬ 
izing  control  is  obtained.  Many 
standard  triode  valves  have  an  am¬ 
plification  factor  /ii  as  high  as  50, 
and  nt  may  easily  be  made  equal  to 
10.  A  multiplication  of  500  is  thus 
obtained.  The  result  can  provide  a 
circuit  in  which  the  variation  over 
the  whole  frequency  band  is  less 
than  0.05  db. 


On  Tools  or  Metals 
FASTER-MORE  DISTINCT 

A  Variety  of  Lettering 
and  Trademarks  Possible 


Cabinet  Type  —  work 
done  inside  cabinet. 


Use 

LEIMAN 

BROS. 

High 

Speed 

STENCIL 

SAND 

BLAST 

PATENTED 

RAPID 

CLEANING 

of  Weld  Joints 


Cabinet  Type — work  done  by 
pressing  against  top  aper¬ 
ture  on  outside. 


LEIMAN  BROS. 

155  CHRISTIE  STREET,  NEWARK,  5,  N.  J. 

_ _ _ J 


’  Practical  Circuit 

Figure  3  shows  a  simplified  dia¬ 
gram  of  a  practical  stabilizing  cir¬ 
cuit  in  which  the  variations  of  the 
high-frequency  oscillating  voltage 
are  detected  by  a  conveniently  bi¬ 
ased  triode  D,  and  amplified  by  a 
direct-current  amplifier  VT-1. 

The  cathode  of  the  diode  is  given 
a  positive  bias  by  battery  B„  the 
voltage  of  which  should  be  just 
slightly  less  than  the  minimum 


Fig.  3 — Output  roltoge  oi  the  diode  is 
amplified  by  VT-2  and  applied  to  VT-3 
operoting  as  on  amplitude  limiter 

amplitude  of  the  uncontrolled  oscil¬ 
lating  voltage  in  the  tuned  circuit, 
taken  over  the  whole  frequency 
range  of  interest.  The  diode  will 
accordingly  tend  to  produce  a  recti¬ 
fied  output  voltage  in  the  load  re¬ 
sistance,  Ri,  proportioned  to  the 
excess  amplitude.  This  voltage  is 
smoothed  in  the  circuit  comprising 
the  resistance  Ri  and  capacitor  Ci, 
and  applied  to  tube  VT-1  arranged 
as  a  direct  current  amplifier,  pro¬ 
ducing  an  amplified  continuous  volt¬ 
age  across  the  load  resistance  R, 
shunted  by  the  bypass  capacitor  C;, 
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they  reach  him.  Most  importo^v  _ 

he  can  be  sure  that  he  will  miss  \  f 
very  few  calls  in  response  to  \  I  ///  / 

his  CQ's.  ^  \}  n/, 

Currently,  Panoramic  reception  X 
also  is  doing  good  work  in  loboro- 
tory  development  and  industrial 
applications.  Its  ability  to  measure, 
interpret  and  compare  variations  in  * 
inductance,  capacitance  and  resistance  ^ 
has  created  possibilities  that  are  being 
utilized  by  far-sighted  manufacturers.  If 
Panoramic  technique  can  be  adapted  to 
your  present  or  future  needs,  ask  our 
\  engineers  for  more  detailed  information. 


When  Gl  Joe  takes  off  his  helmet,  he  will  still 
remember  many  of  the  things  he  is  learning  in 
the  Army.  As  a  radio  operator,  he  uses  Pano> 
ramie  reception  for  effective  monitoring  and  for 
catching  tricks  In  enemy  field  communications. 
He  recognizes  Its  value  for  peacetime  as  well  as 
for  wartime.  On  the  basis  of  military  experience, 
he  will  want  to  make  use  of  Panoramic  recep¬ 
tion  for  itiany  more  pleasant  hours  at  his  own 
rig.  Because  it  SHOWS  ALL  SIGNALS  ON  A  GIVEN 
SAND  OF  THE  RADIO  FREQUENCY  SFECTRUkI 
SIHULTANEOUSLY.  Gl  Joe  knows  that  Pano¬ 
ramic  reception  will  tell  him  what  stations  are 
on  the  air,  whether  they  are  phone  or  <bW, 
and  what  their  signal  strengths  are  wh4n  ^ 
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Macall( 


len  says  “From  the  mines  of  India  comes  our 
mica  . . .  the  mineral  that  possesses  the  vitally  im¬ 
portant  properties  for  electrical  insulation.” 

Macallen,  by  a  special  process,  ingeniously  ce¬ 
ments  extremely  thin  mica  splittings  into  larger 
sheets  of  any  desired  thickness.  From  the  sheets 
come  numerous  mica  products  to  meet  your  needs. 

Macallen  mica  has  high  dielectric  strength,  great 
inductive  capacity,  resists  puncture,  has  low  power 
loss,  stands  high  temperatures,  and  is  impervious 
to  moisture,  oil,  and  chemicals.  In  short,  mica  is 
immune  to  everything — but  continued  duty. 


Mica  is  the  basic  insulation  material  for 
you  to  use  in  Class  B  electrical  units 
and  other  applications  where  continuous 
operation  under  the  most  severe  con¬ 
ditions  is  encountered. 

IMC  warehouse  and  IMC  service  men 
are  near-by  to  serve  you  well  in  your 
selection  of  Macallen  mica  products  for 
electrical  apparatus. 
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Vartox  Vanii*h«4  Clofh  and  Tap**— Varslal  Caaibina- 
Han  Slal  IntuloHen— Varnishad  Silk  and  Papar— Hbar- 
gla*  ilactrical  IntulaMan— SAanning  Insulating  Papars 
and  Pratt  Saardt— Padigraa  Vamitkat— Diatlax  Var- 
nitkad  Tukingt  and  Scrtwralad  Slaavingt  af  Caltan  and 
Flfcarglat  Natianol  Hard  Fikra  and  Fitk  Popar— Pkana- 
Mta  BakalHa— Adkativa  Tapat— Atbattat  Wavan  Tapat 
and  Slaavingt— Caltan  Tapat,  Wabbingt,  and  Siaavingt, 
and  atkar  insulating  matarioit. 


India  and  Amkar  Sagmant  Mica  .  .  .  India  MauMing  Mica  Plata 
. . .  Flaxikla  Mica  Plata— Mica  Tapat . . .  Mica  Cammutotar  Sag- 
mantt  and  Rings  . . .  Mica  Tukat— Mica  SpaciaMat. 


SERVICE  FOR  MANIFACTORERS  IN  TRE  MiOVEST 


if  CHICAGO  6  •  565  West  Washington  Blvd. 
if  CLEVELAND  14*  1005  Leader  Building 


ffaprasaatatfVa*  ia 


FRONlCS 
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PAPER;  OIL  AND  ELECTROLYTIC  CONDENSERS 


INDUSTRIAL 


CONDENSER  CORPORATION 

172  5  w.  NORTH  AVE.,  CHICAGO,  U.  S.  A. 


n  STRICT  OFFH^IS  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FR'om  DISTRIBUTOR'S  STOCKS 


and  18  applied  to  the  control  tube 
VT-2  which  then  operates  as  a  very 
sensitive  amplitude  limiter. 

Any  increase  of  the  oscillating^ 
voltage  across  the  tuned  circuit  pro¬ 
duces  an  equal  negative  voltage 
across  capacitor  C,  and  Ci  and  a 
much  greater  voltage  increase  at 
the  grid  of  VT  2.  Tbifl  greatly  in¬ 
creases  the  load  across  the  tuned ; 
circuit  and  reduces  the  oscillating^ 
voltage  to  very  nearly  its  initial! 
value.  , 

The  cathode  of  tube  VT-2  is  I 
biased  positively  by  suitable  means  = 
shown  as  a  battery  B,,  the  voltage- 
of  which  should  be  adjusted  in  or¬ 
der  that  the  current  flows  in  VT-2  ' 
only  during  the  positive  peaks  of 
the  oscillating  voltage.  When  the 
adjustment  is  correct,  the  oscillat¬ 
ing  waveform  becomes  sinusoidal 
with  a  very  small  percentage  of 
harmonics. 


Another  Circuit 


The  circuit  of  a  practical  ar¬ 
rangement  with  which  the  method  i 
has  been  tested  is  shown  in  Fig.  4. 
This  circuit  is  slightly  different 
from  the  circuit  of  Fig.  3.  There  is 
no  diode,  the  grid-cathode  portion 
of  VT-1  being  used  as  a  diode,  and  . 
there  is  no  battery  Bi.  Only  a  small 
fraction  of  the  oscillating  voltage  is 
transmitted  to  the  grid  of  VT-2  by 
means  of  the  potentiometer  divider 
CiCt.  The  sensitivity  is  much  smaller 
than  the  Circuit  of  Fig.  3,  but  is 
still  sufficient  to  give  a  perfect 
stabilization.  Tube  VT-3  is  used 
also  as  an  electronic  voltmeter,  and 
the  oscillating  voltage  across  C,  is 
indicated  on  the  meter  M. 

'Adjustment  for  the  best  control 
is  easy.  The  bias  of  the  cathode  of 
valve  VT-3  should  be  adjusted  un¬ 
til  maximum  stabilization  is  ob¬ 
tained.  If  the  cathode  should  be 
given  a  positive  potential  greater 
than  the  maximum  oscillating  peak 
voltage,  there  will  be  no  control  at 
all  as  the  tube  will  always  have  an 
inflnite  impedance..  By  making  the 
cathode  progressively  more  nega¬ 
tive,  the  control  increases  until 
some  point  is  reached  at  which  the 
load  on  the  tuned  circuit,  at  the 
peaks,  becomes  so  great  that  the 
control  is  maximum  and  the  ampli¬ 
tude  of  the  oscillating  voltage  start 
to  decrease  rapidly.  The  best  oper¬ 
ating  point  will  be  just  before  this 
occurs.  With  the  circuit  as  de¬ 
scribed  and  as  adjusted  in  the  man- 
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ARMOR  PLATE 


BREEZE  AIRCRAFT 


Breeze  Aircraft  Armor  Plate  Brings  'Em  Back  Alive 
In  World-Wide  Theatres  of  Warfare 


Breeze  Aircraft  Armor  Plate  is  in 
action  today  on  Allied  invasion 
fronts,  providing  dependable  protec¬ 
tion  for  pilots  and  gunners  of  Amer¬ 
ica’s  hard-hitting  bombers  and 
lighters.  Produced  in  quantity  by 
the  Breeze  Electric  Heat  Treating 
Process,  the  fastest  known  for  the 
purpose,  this  Armor  Plate  helps  to 
bring  home  not  only  trained  person¬ 
nel  but  valuable  equipment  as  well. 


Breeze  Armor  is  manufactured  in 
two  types:  homogeneous  and  face- 
hardened.  Although  light  in  weight, 
it  possesses  the  highest  ballistic 
qualities  and  resistance  to  shatter. 
Complete  assemblies  to  designers’ 
special  requirements  are  a  specialty. 
Aircraft  Armor  Plate  supplements 
the  well-known  Breeze  line  of  equip¬ 
ment  which  is  now  in  service  on 
land,  on  the  sea,  and  in  the  air. 


A  P»w  of  fho  Monty  irooMO 
Frodocts  la  iko  Matloo't 
Sorvleo 


Radio  Ignition  and  Auxiliary 
Shialding  •  Multipla  Circuit 
Electrical  Connectors  •  Rexible 
Shielding  Conduit  and  Fittings 
*  Cartridge  Engine  Starters  * 
Internel  Tie  Rods  •  Elevator 
and  Rudder  Tab  Controls  * 
Flexible  Shaft  and  Case  Assem¬ 
blies  *  Aircraft  Armor  Plate 
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'  Th«  N«w  Homs  of  Stewart  Metal  Stampings,  outstanding  in  its  architectural  beauty,  furnishes  an 
appropriate  setting  for  the  Stewart  "Quality"  Line. 


qa, 


nnouncmg 

THE  REMOVAL  OF  OUR 
FACTORY  AND  OFFICES 
TO  NEW  AND  LARGER  QUARTERS 

The  steady  and  consistent  growth  of  our  business  has  made 
it  imperative  for  us  to  expand  our  manufacturing  facilities. 

This  fine  nK>dem  fireproof  structure,  to  which  we  hold  title, 
furnishes  the  answer. 


The  new  home  of  Stewart  Stampings  embraces  every  up-to- 
date  construction  feature— daylight  windows  and  skylights — 
automatic  heat  regulation — high  ceilings  and  scientific  ventila¬ 
tion— and  large  loading  platforms  to  facilitate  shipping. 


With  greatly  increased  floor  space  now  available,  we  have 
added  many  new  units  to  our  mechanical  equipment,  resulting 
in  faster  production — increased  volume — and  an  all-around 
better  service  to  our  customers. 


STEWART  STAMPING  COMPANY 


TERMINALS  •  LUGS 

630  CENTRAL  PARK  AVENUE 


BRACKETS 

YONKERS  5,  N.  Y. 


CLIPS 


UPS 


IONICS 


be  a  very  low-power  tube  whose 
maximum  current  is  not  more  than, 
say,  2  milliamperes ;  and  tube  VT-3, 
owing  to  the  manner  in  which  it 
operates,  will  generally  draw  a  plate 
current  of  less  than  1  ma,  even  if 
a  power  tube  such  as  a  6V6  or  6L6 
is  used.  The  voltage  divider  ar¬ 
rangement  can  also  be  arranged  so 
that  the  total  current  drain  is  not 
more  than  about  7  ma. 


Electronicg  in  AIEE 


More  papers  on  electronic  subjects 
were  presented  at  the  summer  tech¬ 
nical  meeting  of  AIEE  in  St.  Louis 
during  June  than  *have  been  given 
at  meetings  in  the  past.  Among 
those  with  electronic  significance, 
one  by  N.  D.  Kenney  and  Perry  H. 
Ware  referred  to  design  and  testing 
of  coaxial  cables. 

The  first  part  of  the  paper  pre¬ 
sented  a  discussion  of  the  variation 
of  transmission  line  parameters, 
both  basic  and  working,  as  a  func¬ 
tion  of  construction  and  frequency. 
True  and  approximate  formulas 
were  given  for  computing  cable 
properties,  with  notes  on  applica¬ 
bility  and  limitations  as  well  as 
practical  methods  of  test. 

Simplification  of  the  analytical 
expressions  for  rectifier  behavior 
was  the  objective  of  a  paper  by  E. 
F.  Christensen  and  C.  C.  Herskind 
of  General  Electric  and  C.  H.  Wil¬ 
lis  of  Princeton  University.  The  pa¬ 
per  gives  the  methods  used  in  an¬ 
alyzing  rectifier  circuits,  illustrates 
the  application  of  new  circuit  con¬ 
cepts,  provides  standard  procedure 
for  analysis  of  rectifier  circuits, 
gives  a  standard  form  for  the  pres¬ 
entation  of  rectifier  characteristics, 
and  presents  a  comprehensive  set  of 
characteristic  curves  for  the  delta 
double-y  rectifier. 

Design  and  tests  of  a  mercury- 
vapor  rectifier  with  exciter  anodes 
was  summarized  by  H.  Winograd  of 
Allis-Chalmers  Mfg.  Co.  He  de¬ 
scribed  the  application  to  electro¬ 
chemical  service  of  a  12-tank  Ex¬ 
citron  unit  rated  at  5,000  amp.,  650 
volts  d.c. 


Control  for  Welding 

Improved  electronic  control  for 
capacitor-discharge  resistance  weld¬ 
ing  was  presented  by  H.  J.  Bichsel 
and  E.  T.  Hughes  of  Westinghouse. 
This  paper  describes  a  capacitor- 


A  VAN  DYKE 
20"CIRCUIAR 
SLIDE  RULE 


Tracings  you  can  reproduce  with  clarity  down 
to  the  finest  detail — that’s  an  extra  you  gel 
with  the  Hi-Density  lead  in  your 
MICROTOMK  VAN  DYKE.  The  smoothness 
k  of  this  superlative  drawing  pencil 

brings  you  economy  of  effort,  hence 
better  work.  18  uniformly  graded 
degrees.  Ask  a  Van  Dyke  dealer  tc 
prove  these  important  statements. 


EBERHARD  FABER  PENCIL  COMPANY 
Dept.  E-9,  37  Greenpoint  Ave.,  Brooklyn  22,  N, 
Here  is  my  25t .  .  .  filease  mail  Slide  Rule  at  once,  to 


Name 


Street  &  No. 


vovce 

.heo 

,oO’  '*  J 
V\bete»  ^ 

rrXv' 


discharge  welding  control  designed  j 
to  give  high-speed  operation  and  1 
low  maintenance.  t 

Basic  elements  include:  (1)  a  ca¬ 
pacitor  bank  in  which  energy  for  i 
the  resistance  weld  is  stored ;  (2)  a  | 
rectifier  system  with  its  charge  ^ 
control  and  blocking  circuit  for  con 
verting  a-c  to  d-c  pov^r  and  for 
automatically  supplying  an  exact  > 
quantity  of  energy  to  the  capacitor  j  { 
bank;  (3)  a  discharge  system  to  ! 
convert  the  stored  electrostatic  en-  J 
ergy  into  welding  current;  (4)  a  f  ^ 
flux  reset  circuit  to  restore  the  weld-  ! 
ing  transformer  flux  to  the  same  ^  / 
value  between  welds,  and  (5)  a  se¬ 
quence  control  system  including  a 
forge  timer  to  coordinate  the  opera¬ 
tion  of  (2)  and  (3),  above,  with  the  '  i 
mechanical  system.  ■  ’ 

Fundamentals  of  hearing-aid  de- 
•  sign  were  covered  by  W.  D.  Penn. 

He  showed  that  frequency-selective 
amplification  is  usually  beneficial 
and  described  a  method  of  obtain-  : 
ing  this  type  of  action,  with  mathe¬ 
matical  analysis  to  support  the  con¬ 
clusion.  Means  of  computing  acous-  - 
tical  amplification  were  also  de-  ■ 
scribed.  | 

By  combining  the  advantages  of 
electronic  tubes  and  symmetrical  i 
component  filters,  a  new  carrier  re-  | 
lay  results  in  a  marked  simplifica¬ 
tion  over  previous  systems.  It  was 
described  by  T.  R.  Halman  and  A. 

F.  Drompp  of  Detroit  Edison  Co. 
and  S.  L.  Goldsboro  and  H.  W.  Lens- 
ner  of  Westinghouse.  Not  only  has 
the  number  of  relays  been  reduced 
but  the  number  of  operating  ele¬ 
ments  per  relay  as  well. 

In  an  aircraft  engine  torque 
meter  described  by  F.  W.  Godsey, 

Jr.  and  C.  F.  Danger  of  Westing- 
house,  resistance  straingage  ele¬ 
ments  and  vacuum  tube  amplifiers 
are  combined.  The  paper  included 
an  extensive  survey  of  methods  for 
measuring  torque. 

Electronic  Frequency  Conversion 

In  a  s3anposium  devoted  to  the 
subject  of  electronic  power  conver¬ 
sion,  one  paper  referred  to  the  in¬ 
stallation  of  a  20,000-kw  electronic 
converter  to  exchange  power  be¬ 
tween  25  and  60  cycles.  The  con¬ 
verter  was  described  by  F.  W. 
Cramer  of  Carnegie-Illinois  Steel 
Corp.  and  L.  W.  Morton  and  A.  G. 
Darling  of  GE. 

Distribution  of  currents  in  vari¬ 
ous  transformer  winding  and  recti- 
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IVH€N  THIS-^X^mpnEWA  BLANK 
THE  BOSS  T^^IS  HAIN'^^^ 
UNTIL  SOMEONE  WISED  HIM  UF  TO 
THIS  the  KECESSED  HEAD 

SCREW  THAT  UFS  ^^pRIVINS- 
SPEED  AS  MUCH  AS  ^ 


TO  MAKI  WARTIMI 
QUOTAS  AND 
riACETiME  piOfin 


Stymied  because  you’ve  just  got  none  of  the  troubles  that  cause 
to  boost  assembly  department  out-  slow  driving.  Spiral  and  power 
put  and  you  can’t  hire  more  driving  can  be  used  where  speed 
workers  to  do  it.^  No  need  to  be!  tools  have  always  been  impractical. 

You  can  boost  output  another  And,  the  work  becomes  so  much 
way  -  by  switching  to  Phillips  Re-  easier  that  assemblers  can  main-, 
cessed  Head  Screws.  They  will  in-  tain  a  fast  pace  throughout  a  shift, 
crease  driving  speed  as  much  as  50  Switch  to  Phillips  Recessed  Head 

percent.  They  have  done  it  for  Screws.  You’ll  find  they’ll  give  you 
hundreds  of  plants!  faster  driving,  easier  driving. 

With  Phillips  Recessed  Head  greatly  increased  output.  You’ll 
Screws,  your  workers  encounter  also  find  they  cost  less  to  use! 


Pusf^r  StarHwgi  Driver  poist 
aotcMsaattoiUy  centers  in  die 
PfailUps  Recess ...  fits  snui^ly. 
'Fttmblmg,  wobbly  starts,  slant 
driving  are  eliminated. 
is  made  troable-proof  for 
green  bantb.  .. 

fnsSnr  Orivingt  Spiral  and 
power  driving  are  made  pimc~ 
tical.  Driver  won't  slip  from 
recess  to  spoil  material  or  in¬ 
jure  worker.  (Average  time 
saving  is  50%.) 

laslerDrMiigt  Turning  power 
is  fully  utilized.  Workers 
maintain  speed  without  tiring. 

■otter  #«stoRlntpt  Screws  are 
set-up  uniformly  tight,  with- 
<wit  burring  or  breaking  of 
screw  heads.  The  job  is 
stronger,  and  the  ornamental 
recess  adds  to  appearance. 


IDENTNnr  ITt 


k«ttom  et  rhillip* 
tacM*  is  nsarty 
flat . . . 

NOT  to  e 

titorp  poiot. 


PswtiMktt  Serf*  0«.,  P«wtad(«l.  R.  I. 
riiMli  MWKfMtariai  G«..  Cbitato.  itC 
RsMitas  Stnv  C«..  NsrrittMr*.  r«. 

RMMti  BarSutl  a  Want  Bait  0  Not  C«..  BMt  CfcMtsr.  N.  Y. 
SmiH  MuMfattarts*  C*..  WatarvMi*.  C«a». 

SliakMrMf  IM..  CblMS*.  III. 

Tbs  SMrtbiagtm  HwVwmrc  Mff.  C«..  SwBiintiM,  Cam. 
W*l*«riii«  Bait  Ca.,  Datrait.  MMi. 


AaiaHaM  Straw  Ca.,  PraaiStata,  R.  I.4 
AtiaaUa  Straw  Wartu,  MarffartI,  Casa, 
tba  Briatal  Ca.,  Watarbary,  Caas. 

Ctalrai  Straw  Ca..  Cbitaaa,  IIL 
ChaaSiar  PraSstta  Cars..  CiaaalaaS.  Obit 
Caatisaatal  Saraw  Ca..  Naw  BaSfarS,  Maas. 
Tba  Carbia  Saraw  Cars.,  Maw  Britais,  Caas. 
Baaarsi  Straw  Mfs.  C^.  Cbitssa,  IIL 


Tba  H.  M.  Harsar  Ca..  Cbitafa.  IB. 
iataraatiaaat  Straw  Ca.,  Datrait,  Mitb. 

Tba  Laaitaa  A  Saaaiaat  Ca..  ClatalaaS,  Obia 
Maaafatturart  Straw  PraSatta,  Cbitata.  i«. 
MilftrS  Riaat  aaS  Hathiaa  Ca..  MiifarS.  Caas. 
Tba  Watlaaal  Sartw  A  Mff.  Ca..  ClavaiaaS,  OMa 
Haw  Caflaad  Straw  Ca..  Kaaae.  N.  H. 
Psrbar-Kaiaa  Cars..  Maw  Yarfc,  N.  Y, 


Orders  Accepted  Now 
for  Post-War  Delivery 


MODEL  ID 
ONE  KILOWATT 


Aa  Example .  of  How  Gofes 
WarHmo  Dovotopmonts  Croat* 
HIgkor  EfKcloney  at  Lower 
Cosf  .  .  . 

Here  is  "♦omorrow's  transmitter — 
contpletely  engineered  t  o  d  a  y  1 " 
Combining  these  important  fea^res. 

•  Low  initial  tube  eost 

•  Low  operoting  cost 

•  High  fidelity  performance  • 

•  Extreme  accessibility  of  all 

components 

•  Modem,  streomlined  design 

•  Extremely  eosy  to  install 

•  "Easy-view"  meter  panel 

YesI  Gates  is  ready  for  wur  post- 
war  equipment  needs,  this  new, 
toco  watt  transmitter  is  completely 
designed  and  operating  under  rig¬ 
orous  conditions  . . .  ready  for  post¬ 
war  delivery.  The  Model  ID  is  de¬ 
signed  as  a  commercial  broadcast 
transmitter,  but  is  also  available,  on 
special  order,  for  high  freouency 
operation  up  to  20  megacycles. 


wm  twtd  you  details  regard¬ 
ing  the  Gates  Priority  System  for 
prompt  postwar  delivery? 


WartiiM  Mitricttons  do  not  allow 
tho  solo  of  now  broadcasting 
oquipmont  without  priority.  This 
oquipmont  is  prosontod  moroly  to 
acquaint  you  with  Gatos  do* 
Tolopmonts.  . 


QUINCY,  ILLINOIS,  U.  S.  A 


ttAtmrACTUMEBS  or  BADiO  BBOADCAST  TBASSMITTEBS.  SPEECH  EQUIPMENT 
BEOOBDIMG  APPABATUS  AND  ALUED  EQUIPMENT  IN  THE  ELECTRONICS  FIELD. 


\ 


fying  elements  under  conditions  of 
unbalance  were  considered  by  E.  F. 
Christensen  and  M.  M.  Morack  of 
GE.  Effects  of  such  unbalances  on 
circuit  duty  and  rectifier  capacity 
were  indicated. 

Measurement  of  dielectric  prop¬ 
erties’ at  uhf  by  the  resonant  cavity 
method  was  considered~by  C.  N. 
Works,  T.  W.  Dakin,  and  F.  G. 
Boggs  of  Westinghouse.  In  this 
method  a  reentrant  cylindrical  cav¬ 
ity  is  adapted  to  measure  the  dielec¬ 
tric  constant  and  power  factor  of 
small  disks,  samples,  and  insulating 
material.  Methods  of  measure¬ 
ments,  mechanical  details,  and  elec¬ 
tric  coupling  and  detecting  circuits 
employ  technique  common  to  uhf. 
Because  the  cavity  has  a  value  of 
Q  higher  than  2,000,  it-  is  much 
more  sensitive  to  low  power-factors 
•of  samples  than  any  conventional 
coil-  and  capacitor-resonant  circuit. 


Furnace  Regulation 


Electronic  motor  control  for  reg¬ 
ulating  arc  furnaces  was  covered  in 
a  paper  by  J.  E.  Reilly  and  C.  E. 
Valentine  of  Westinghouse.  The 
method  has  proved  successful  on 
many  applications  where  a  wide 
range  of  speed  control  and  quick 
response  are  desired.  Many  com¬ 
binations  of  acceleration  and  speed 
range  can  be  obtained  with  a  min¬ 
imum  of  apparatus  and  almost  in¬ 
stantaneous  response.  In  the  elec¬ 
tronic  system,  the  field  is  held  con¬ 
stant  and  the  armature  voltage  is 
varied  to  give  the  desired  speed. 
Moving  parts  are  eliminated  from 
gear  ahead  of  the  motor. 


D-F  IN  FCC  CAR 


A  mobU*  diroctlon  flndar  utod  by  th« 
FCC  to  traco  outlaw  itotions  is  ox- 
plainsd  to  Congrossmon  Hart  and 
Wigglosworth  by  ).  B.  Lewis  (right), 
monitoring  officer  in  charge  of  the 
mobile  unit 


II 
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HOW  ElETRONIC  HEAT 
IHCREASEPSRtR  OUTPUT  M 

Here’s  How  Tolerton  Lumber  Co.  Met  Increased  Production  Demands 


I^EFORE  December.  1941,  wood  aircraft 
manufacturers  were  using  spars  cut 
from  solid  wood  plaifks.  But  the  supply  of 
Grade  A  spruce  for  such  spars  was  also 
limited.  Thus  spars  laminated  from  thin 
pieces  came  into  the  plctiue;  next,  to  fur¬ 
ther  conserve  lumber,  short  lengths  were 
scarf-Jolnted;  and  finally  narrow  widths 
had  to  be  edge-glued  In  order  to  meet 
demands. 

As  a  result  of  these  many  operations,  costs 
and  production  time  increased  sharply. 

The  Tolerton  Lumber  Company,  apply¬ 
ing  electronic  heating  to  speed  the  setting 
of  the  glue,  foimd  that  edge-glued  Joints 
could  be  “set”  in  2  minutes;  that  8  scarf 
joints  could  be  “set”  simultaneously — in 
about  10  minutes;  and  that  a  6"  x  6'  x  16Vi' 
beam  could  be  laminated  from  several 
planks  in  about  20  minutes  by  electronic 
heat  (former  time  in  hot-platen  press  was 
4  hours) . 

The  aircraft  spars  are  cut  from  these 
16^  foot  beams. 

Tolerton  uses  an  RCA  15-kw  electronic 
generator. 

Results: 

1.  Because  electronic  heating  shortened 
press  time  so  greatly,  the  Tolerton  plant 
output  was  increased  from  25  spars  per 
day  to  200! 

2.  The  setting  of  the  glue  is  complete 
because  electronic  heating  produces  uni¬ 
form  temperature  throughout  the  glue  line. 

3.  Lumber  costs  were  cut  about  40% 
by  using  odd  pieces! 

4.  In  tests  of  these  glue  Joints,  wood 
failure  runs  100%— considerably  above  the 


80%  acceptable  imder  Government  speci¬ 
fications. 

For  more  complete  information  on  this 
application,  send  the  coupon  below. 

Other  Applications  by  Tolerton:  “in  addi¬ 
tion  to  manufacturing  spars  and  other  air¬ 
craft  parts  such  as  ailerons,  fairings,  fins, 
capstrlps,  etc.,  at  a  big  saving  in  time, 
liunber,  and  expense,”  wrote  Mr.  R.  I. 
Tolerton,  vice-president  of  the  Tolerton 
Company,  “we  are  also  using  this  elec¬ 
tronic  method  of  gluing  in  the  manufac¬ 
ture  of  lithograph  backing  blocks  and 
steelmill  hammer  boards. 

“The  manufacturing  rate  has  increased 
greatly,  and  the  products  are  more  accu¬ 
rately  made  because  of  the  added  glue 
adhesion  obtained  by  electronic  heat.  We 
also  laminate  6-inch  square  maple  blocks 
which  are  later  turned  to  make  wheel- 
bearings  for  bombers.  Electronic  heat  has 
made  these  blocks  the  most  satisfactory 
material  yet  found  for  the  purpose.” 

Want  More  Details?  The  complete  story 
of  the  Tolerton  operation — together  with 
pictures,  drawings,  diagrams,  and  curves — 
is  contained  in  a  free  8-page  article  “Elec¬ 
tronic  Heating  Sets  Glue  in  Laminated 
Aircraft  Spars.”  Write  for  it,  or  send  the 
convenient  coupon.  If  you  have  a  problem 
electronic  heating  might  solve,  write  us  the 
details;  our  engineers  may  be  able  to  help 
you.  Address  Radio  Corporatidn  of 
America,  Electronic  Apparatus  Section, 
(70-40H). Camden,  N.  J. 


RCA  ELECTRONIC  HEAT 


(d) 

Vurtkie 

tow-cut 


Stops  in  tho  construction  of  tko  tporti 
(o)  odgo-glutng  to  obtain  6-inch  width,  (b) 
tcorf-gloing  to  obtain  IdM^foot  Wngtli,  (c) 
iominoting  to  obtain  64nch  by  6-inch  by 
16’A-foot  boom,  (d)  boom  cut  to  obtain 
odgo-groin  lominotod  spars  ^  inch  by  6 
inches  by  1614  foot. 


RADI 


BONDS 


RCA  15-B  Eloctronic  Power  Generator  which 
supplies  about  50,000  B.T.U.  per  hour.  (Send  coupon 
for  bulletin.) 


SEND  FOR  DETAILS! 

Gentlemen:  I  want  more  information  on  how  Tolerton  Lumber 
Co.  increased  output  700%  with  electronic  heat.  Please  send  me 
“Electronic  Heath^  Sets  Glue  in  Laminated  Aircraft  Spars.”  Also 
booklet  on  the  "RCA  15-B  Electronic  Power  Generator.” 

□  I  would  like  an  RCA  sales  representative  to  call. 

Name . 

Address . 

Company . 

City . SUte . ■■■:--■ 
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"Wflr  thirty 


years  practice 


That’s  what  Joseph  Dunninger  and  Communications  Equip- 
—  the  Master  Mentalist  —  says  ment.  However,  at  present  writ- 
of  his  professed  ability  to  send  ing  Dunninger  seems  to  hold  the 
and  receive  telepathic  messages.  only  operator’s  license-  for  his 
Thus,  if  the  Dunninger  method  particular  method.  So  we  think 
could  be  successfully  taught  in  your  best  bet  for  solving  post- 
the  public  schools,  there  would  war  Communications  Problems 
be  no  need  whatever  for  Crystals  is  Valpey  Crystal  Corporation. 


NEW  XLS 

special  new  low  frequency 
unit  .  .  .  vital  in  the 

newer  fields  of  electronic*. 


H'fcere  utmost  in  stability 
requires  constant  tempera’ 
ture  control  in  commercial 
installations. 


.4  design  for  nor¬ 
mal  frequency  con¬ 
trol  applications. 


Our  Engineering  Staff  Will  Be  Glad  To  Help  You 


VALPEY 


HOLLISTON,  MASS 


Remote  Amplifier 

(Continued  from  page  131-) 

visible  indication  of  field  intensit^ 
in  the. null  point  of  the  radiatior 
pattern.  In  contrast  to  A  method 
in  which  a  reading  must  be  taken 
periodically  by  a  comparison  or 
balancing  method,  this  continu¬ 
ous  indication  will  give  immediate 
warning  of  an  increase  in  the 
signal  in  the  unwanted  direction, 
and  could  of  course  be  readily 
adapted  to  operate  a  relay  sound¬ 
ing  an  alarm. 

Regulation  of  Velfaget 

Development  of  the  remote  mon¬ 
itor  system  involved  dealing  with 
geveral  variables  which  affected 
its  indications.  Voltage  variations 
were  taken  care  of  by  a  regulator 
in  the  line,  and  by  gas-tube  volt¬ 
age-regulators  in  the  receiver 
high-voltage  supply. 

Fluctuations  in  the  receiver  it¬ 
self  caused  most  of  the  trouble 
encountered.  These  were  found  to 
be  due  to  frequency  drift  of  the 
local  oscillator  of  the  superhetero¬ 
dyne  tjrpe  receiver  originally  used, 
which  caused  it  to  become  de¬ 
tuned  sufficiently  to  reduce  the 
detector  current.  Attempts  to  deal 
with*  this  particular  variation  by 
means  of  temperature-compensat¬ 
ing  capacitors  were  less  success¬ 
ful  than  the  adoption  of  a  t-r-f 
type  receiver  such  as  the  one 
shown  schematically. 

Extreme  changes  in  ambient 
temperature  occur  in  the  semi- 
desert  valley  location  of  the  trans¬ 
mitter.  Because  of  the  d-c  indica¬ 
tion  method  used,  changes  in  re¬ 
sistance  of  the  telephone  line 
were  anticipated  as  a  factor 
which  might  have  to  be  dealt  with. 
On  a  typical  hot  summer  day, 
temperature  ranges  from  64  to 
102  deg  F,  between  4  a.m.  and  4 
p.m.  Measurements  of  the  resist¬ 
ance  of  the  line,  totaling  as  a  loop 
11,485  ft,  showed  a  change  with 
this  temperature  range  of  about 
14  ohms  in  the  total  resistance  of 
413  ohms  at  the  low  temperature 
point.  This  variation  in  line  re¬ 
sistance  is  sufficient  to  cause  only 
a  barely  noticeable  change  in  the 
reading  of  the  microammeter.  The 
system  is  otherwise  stable  enough 
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especially  designed  to  resist^moi^ure 


ANACONDA  WIRE  &  CABLE  COMPANY 


General  Offices:  25  Broadway,  New  York  4  Subsidiary  of  Anaconda  Copper  Mining  Company 

Chicago  Office:  20  North  Wacker  Drive  6  •  Sales  Offices  in  Principal  Cities 


Wrapseal  construction,  developed  a  number 
of  years  ago  by  Anaconda  coil  engineers,  has 
proved  highly  acceptable  where  cost  is  a 
factor  and,  at  the  same  time,  good  moisture- 
proof  properties  are  essential. 

The  winding  usually  consists  of  a  standard 
paper  section  coil,  varnished  where  desired. 
The  balance  of  the  construction  is  markedly 
different  from  ordinary  practice. 

The  entire  outer  surface  of  the  coil  is  en¬ 
cased  in  one  piece  of  insulation  which  not 
only  completely  covers  the  coil,  but  extends 


into  the  core  oj  the  coil  be- 
tween  the  winding  and  the 
core  tube. 

After  this  wrapseal  is 
applied,  the  entire  coil  is 
treated  with  a  thick  coating  of  special  varnish. 

These  coils  are  excellent  for  applications 
where  considerable  moisture  is  present— for 
example,  in  solenoid  operated  water  valves, 
i.n  laundry  equipment,  etc.  Additional  infor¬ 
mation  may  be  obtained  from  any  of  our 
sales  offices. 
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Remember  Alliance! 

YOUR  ALLY  IN  WAR  AS  IN  PEACE 


rf 


MANUFACTURING  CO. 


Two  Chlnw  onginoon  romoTO  tho 
anode  coll  from  a  hlgh-power  broad¬ 
cast  tronsndttor  made  in  England  for 
China,  while  the  third  examines  a 
bond-change  unit  mounted  on  o  turn¬ 
table.  Young  Chinese  are  being  trained 
in  Britain  for  postwar  reconstruction  in 
their  own  country 


SKILL 


To  Meet  Your  Specifications 

PERFORMANCE  is  the  real  measure  of  success  in  winning 
the  waur,  just  as.it  will  be  in  the  post-war  world.  New  and 
better  ideas— production  economies— speed— all  depend  upon 
inherent  skill  and  high  precision  . . .  For  many  years  our 
flexible  organization  has  taken  pride  in  doing  a  good  job  for 
purchasers  of  small  motors.  And  we  can  help  in  creating  and 
designing,  when  such  service  is  needed.  Please  make  a  note 
of  Alliance  and  get  in  touch  with  us. 


ALLIANCE  DYNAMOTORS 

Built  with  greatest  precision  and 
"know  how"  for  few  rfpple— Mgfi  efR- 
cfency  —  low  drain  and  a  mlnknum  of 
commutation  trantlonts.  High  produc¬ 
tion  here  retains  to  the  highest  degree 
all  the  "criticals"  which  are  so  im> 
portant  in  airborne  power  sources. 


ALLIANCE  D.  C.  MOTORS 

Incorporate  precision  tolerances 
throughout.  Light  weight — high  effi¬ 
ciency — compactness.  An  achieve¬ 
ment  in  small  size  and  in  power-to- 
weight  ratio.  Careful  attention  has 


to  permit  this  deviation  to  be  ob¬ 
served  on  a  hot  day. 

Accuracy  of  the  Syafmn 

The  6H6  rectifier  current  which 
goes  over  the  telephone  line  is 
about  220  microamperes,  and  is 
read  on  a  500-microampere  full- 
scale*  meter.  This  curr^t  remains 
within  plus  or  minus  five  micro¬ 
amperes,  which  is  roughly  equiva¬ 
lent  to  a  field  intensity  change  of 
0.75  mv/m  in  the  normal  81 
mv/m  area  at  the  center  of  the 
null  point  at  the  remote  monitor¬ 
ing  location  11  miles  from  the 
antenna  of  the  transmitter.  The 
stability  and  hence  accuracy  of 
indication  on  a  relative  basis, 
which  is  all  that  is  important  for 
this  type  of  application,  is  thus 
within  approximately  1  part  in  SO, 
or  about  8  percent. 

At  another  field  measurement 
point  41  miles  from  the  antenna, 
the  signal  in  the  null  point  is 
equivalent  to  only  28  watts  of 
transmitter  power.  In  the  direc¬ 
tion  of  maximum  radiation,  ap¬ 
proximately  southward  over  Los 
Angeles  and  its  environs,  the  field 
intensity  is  equivalent  to  a  power 
of  38  kw. 

‘  This  remote  monitor  was  de¬ 
vised  by  Major  Lloyd  C.  Sigmon, 
formerly  chief  engineer  of  KMPC, 
who  also  installed  the  transmitter 
and  directional  antenna  system. 

•  •  • 

ELECTRONICS  FOR  CHINA 
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The  development  of  G-E  mycalex,  the  superior  insulator 
possessing  low  dielectric  power  losses  at  high  temperature, 
is  of  particular  interest  to  the  radio,  electronic,  industrial 
control  and  heating  industries. 

G-E  mycalex  has  superior  electrical  characteristics  and  good 
mechanical  strength.  It  has  a  low  power  factor,  high  arc  re* 
sistance,  chemical  and  dimensional  stability  and  a  low  coeffi¬ 
cient  of  thermal  expansion.  It  is  impervious  to  water,  oil  and 
gas  and  is  unaffected  by  sudden  temperature  changes.  Metallic 
inserts  can  be  readily  molded  into  the  parts. 

General  Electric  is  molding  mycalex  for  rectifier  seals,  brush 
holder  studs,  tube  bases,  switch  insulation,  structural  parts  in 
radio  transmitters,  arc  chutes,  relay  insulators,  terminal  in¬ 
sulators  and  as  inserts  in  die  castings  and  organic  plastics. 
For  further  information  write  Section  N'252,  Plastics 
Divisions,  General  Electric  Company,  1  Plastics  Avenue, 
Pittsfield,  Mass. 

Nsor  thm  Gmnaral  Electric  radio  prograntM;  "Tha  G-E  All-girl  Orchastra" 
Sunday  JO  E.M.  EWT,  NBC.  'Ths  World  Today"  news,  ovory  wookdoy 
6:45  E.M.  EWT,  CBS. 

FIFTY  YEARS  IN  THE  PLASTICS  INDUSTRY 


ELECTRIC 


GENERAL 
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NEWS  OF  THE  INDUSTRY 

Conventions  to  come;  Canadian  radio;  Electronic 
Conference  program;  D.  C.  Bias,  words  from 
.Washington;  television  and  electronic  instruction; 
transmission  facilities;  military  communications 

Radio  on  Maneuvers  with  the  Airborne  Artillerv 


Throwing  out  radios  and  other 
equipment  to  float  down  on  color- 
coded  parachutes,  500  men  of  the 
541st  Parachute  Infantry  Regiment 
and  the  467th  Parachute  Field  Ar¬ 
tillery  Battalion  dropped  near  Camp 
MacArthur,  Long  Island,  recently 
to  show  visiting  Army  and  Navy 
dignitaries  and  reporters  how  an 
air  strip  is  captured  by  airborne 
forces. 

,  From  bomb-racks  on  the  C-47 
transports  which  brought  the  para¬ 
troopers  in,  so-called  daisy  chains 
of  75-mm  pack  howitzer  parts  were 
released.  Each  demountable  piece 
of  the  gun  is  provided  with  its  own 
parachute  but  all  the  parts-  of  a 
single  gun  are  tied  together  with  a 
long  streamer  of  cord  which  keeps 
them  from  separating  on  the  de¬ 
scent  and  facilitates  finding  the  in¬ 
dividual  bundles  on  the  ground. 
Colored  lights  on  the  bundles  also 
aid  in  detection  and  identification 
of  dropped  equipment  after  dark.  • 
Each  battery  of  artillery  includes 
four  transmitter-receivers,  each 
with  two  standard  channels,  crystal- 
^  controlled.  Channel  A  is  the  basic 
use  channel  with  B  as  a  standby. 
Battery  commanders  are  kept  in 
touch  with  battalion  command 
through  a  separate  radio  net  which 
is  tuned  to  a  K  channel.  Besides 
the  crystals  in  the  transceivers,  a 
large  supply  of  additional  units  are 
carried  along  for  frequency  change- 
'  over. 

In  actual  combat,  one-man  sets  in 
the  300  series  are  used  but  for  these 
^  exercises,  type  BC-659-A  combin- 
ations  made  by  Galvin  Mfg.  Corp., 
were  dropped.  Requiring  a  two- 
*i  \  man  team,  they  consist  of  radio  and 
^  batteries  in  separate  containers 
vf  ^  which  are  cou^^ed  together  mechan- 
ically  with  trunk-type  hasps  and 
electrically  with  plugs  and  cables. 
The  telescopic  antenna  is  demount¬ 


able  and  carried  in  clips  on  top.  of 
the  radio  cabinet. 

Although  normal  communication 
is  carried  on  with  a  push-to-talk, 
hand-held  microphone  and  a  speaker 
in  the  panel,  provisions  exist  for 
earphones  at  points  close  to  enemy 
lines  where  silence  must  be  main¬ 
tained.  For  use  at  a  forward  obser-  • 
vation  post  where  the  operator 
wishes  to  conceal  the  antenna  mast 
by  placing  the  set  on  lower  ground, 
microphone  and  earphone  exten¬ 
sions  permit  remote  operation. 

Equipment  bundles  include  form¬ 
fitting  protective  pads  of  mattress¬ 
like  construction,  but  one  zealous 
crew  had  borrowed  the  sofa  cush¬ 
ions  from  their  day  room  for  extra 
security  against  damage.  In  spite 
of  the  standard  precautions,  one  of 
the  units  suffered  considerable 
physical  distortion  but  operated 
perfectly.  Another,  with  no  out¬ 
ward  sign  of  injury,  went  dead 
after  a  few  minutes  of  use. 

Book  of  Electronic 
Standards 

In  A  BOUND  COMPILATION  of  results 
of  the  standardization  program  in 
WPB’s  radio  and  radar  division,  21 
American  war  standards  for  elec¬ 
tronic  components  are  brought  to¬ 
gether  in  a  single,  convenient  refer¬ 
ence. 

Because  the  standards  were  de¬ 
veloped  in  cooperation  between  the 
armed  forces  and  industry,  they 
satisfy  the  extremely  critical  re¬ 
quirements  of  the  armed  forces 
without  going  beyond  the  capabil¬ 
ities  of  industry  regarding  large 
scale  production.  Thus  it  is  antici-^: 
pated  that  besides  constituting  a 
sound  basis  for  war  '^ndardiza- 
tion,  they  may  also  serve  as  a  nu¬ 
cleus  for  postwar  development. 

Contents  include  ceramic  insulat¬ 


ing  materials,  fixed  mica-dielectric 
capacitors,  meter  resistors,  glass- 
bonded  mica  insulators,  fixed  com¬ 
position  resistors,  glass  insulators, 
wire-wound  resistors,  crystal  units, 
fixed  ceramic-dielectric  capacitors, 
dynamotors,  porcelain  radio  in¬ 
sulators,  toggle  switches,  fixed  pa¬ 
per-dielectric  capacitors,  method  of 
noise-testing  fixed  composition  re¬ 
sistors,  electrical  indicating  instru¬ 
ments,  shock-testing  mechanism  for 
indicating  instruments,  external 
r-f  thermocouple  converters,  exter¬ 
nal  ammeter  shunts,  and  fixed 
molded  paper-dielectric  capacitors. 

Search  for  Scientists 

Requests  raoM  industrial  and 
government  laboratories,  for  re¬ 
search  personnel;  from  colleges, 
for  teachers;  and  from  industrial 
establishments,  for  miscellaneous 
scientifically  trained  persons,  are 
reaching  the  office  of  scientific  per¬ 
sonnel  of  the  National  Research 
Council  in  large  numbers.  The  sup¬ 
ply  of  able  scientists  has  never 
seemed  so  small  in  relation  to  the 
demand. 

One  of  the  functions  of  this  of¬ 
fice  is  to  assist  in  the  recruitment 
of  scientists  for  positions  in  war¬ 
supporting  activities.  Since  it  is  in 
touch  with  demands  from  all  types 
of  activities,  it  is  in  a  position  to 
refer  an  able  scientist  to  employers 
engaged  in  urgent  work.  Demand  is 
particularly  heavy  for  people 
trained  in  electronic  and  communi¬ 
cation  engineering,  in  physics,  and 
in  mathematics.  Individuals  who 
are  or  may  become  available  should 
write  to  Dr.  M.  H.  Trytten,  director, 
2101  Constitution  Ave.,  Washing- 
^  ton  25,  D.  C. 

*  Convention  Coverage 
by  Television 

Scenes  from  the  recent  Chicago 
conventions  were  put  on  the  air 
from  film  within  18  hours  of  their 
actual  happening.^  Television  set 
owners  in  5,000  homes  in  New  York, 
Philadelphia,  and  Schenectady  were 
able  to  see  important  interviews 
and  actual  deliberations  on  the  con¬ 
vention  floor  through  television  net¬ 
work  facilities.  Films  for  exclusive 
television  use  have  never  before 
been  produced  on  so  extensive  a 
scale. 

Production  at  the  Stadium  in  Chi- 
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cago  was  handled  by  Pathe  News. 
Due  to  differences  in  television 
technique,  it  was  necessary  to  in¬ 
struct  the  veterans  newsreel  cam¬ 
eramen  to  make  certain  changes  in 
their  normal  procedure.  For  one 
thing,  far  greater  footage  of  each 
scene  was  required.  Also,  because 
of  the*  small  size  of  tho^alcvision 
screen,  a  greater  percentage  of 
closeups  was  used,  with  long  shots 
serving  only  for  background  or  at¬ 
mosphere. 

The  shooting  supervisor  main¬ 
tained  a  schedule  of  every  airplane 
flight  from  Chicago  for  New  York. 
As  each  zero  hour  neared,  film  was 
unloaded  from  the  camera  maga¬ 
zines,  labelled,  and  rushed  to  the 
plane  with  police  escort.  At  New 
York,  the  films  were  rushed  to  the 
laboratory  and  developed.  National 
Broadcasting  Company,  from  whose 
*WNBT  the  presentation  originated, 
televises  negative  instead  of  posi¬ 
tive  film.  This  saved  considerable 
time  in  finishing  and  made  it  pos¬ 
sible  to  edit  the  reels  quickly. 


The  Standard  of  Perfection 


CONVENTIONS  TO  COME 

Sept.  11.  Symposium  on  Fluores¬ 
cence  and  Luminescence,  New 
York,  N.  Y.  American  Chemical 
Society,  James  T.  Grady,  609 
Journalism  Bldg.,  Columbia  Uni¬ 
versity,  New  York  27,  N.  Y. 

Sept.  11-16.  American  Association 
for  the  Advancement  of  Science, 
Cleveland,  Ohio.  F.  R.  Moulton,  sec¬ 
retary,  Smithsonian  Institution 
Bldg.,  Washington  25,  D.  C. 

Sept.  14.  Regular  Meeting,  New 
York,  N.  Y.  Radio  Club  of  Amer¬ 
ica,  Milton  B.  Sleeper,  correspond¬ 
ing  secretary,  11  West  42  St.,  New 
York  18,  N.  Y. 

Sept.  18-20.  Eleventh  Annual  Na¬ 
tional  Conference,  Toledo,  Ohio. 
Associated  Police  Communication 
OflBcers,  Sgt.  C.  H.  Knudel,  chair¬ 
man,  720  Jefferson  Ave.,  Toledo  2, 
Ohio. 

Oct.  2-6.  Forty-Ninth  Annual 
meeting,  Boston,  Mass.  Interna¬ 
tional  Municipal  Signal  Associa¬ 
tion,  Irwin  Shulsinger,  secretary, 
8  East  41  St.,  New  York,  N.  Y. 

Oct.  5-7.  National  Electronics 
Conference,  Chicago,  Ill.  B.  Dud¬ 
ley,  secretary,  520  N.  Michigan 
Ave.,  Chicago,  Ill. 


In  the  "manufacture  of  Conant  rectifiers,  the  layer 
of  copper  oxide  is  formed  in  the  usual  manner 
but  it  is  then  caused  to  alloy  with  the  underlying 
copper  to  form  a  copper-copper  oxide  eutectic. 
Then  by  careful  control  of  timing  and  tempera¬ 
tures.  the  eutectic  alloy  is  caused  to  crystallize  in  a 
form  resulting  in  a  ver\'  stable  asymmetric  junction 
especially  suited  for  instrument  applications.  The 
molecular  structure  of  the  junction  so  formed  re¬ 
quired  the  development  of  new  and  unusual 
processing  methods. 

Every  step  in  the  Conant  process  has  been  cor¬ 
rectly  de\  eloped.  From  the  precision  lapping  of 
the  discs,  through  the  application  of  the  con¬ 
tacting  layers  and  chemical  treatments,  to  the  final 
assembly,  each  careful  operation  assures  a  rectifier 
assembly  that  will  gi\c  the  utmost  satisfaction  in 
instrument  serxice. 

Yes,  Conant  rectifiers  arc  different,  because  of  the 
extra  care  and  the  plus  precision  that  go  into  their 
manufacture.  Their  enviable  record  of  service  is 
the  proof. 


20  V«My  $1,  N«w  York  7,  Now  York 
OS  E.  Gay  Columbut,  Ohio 
SOO  S.  Michigan  Avo.,  Chicago  5,  III. 
I2IS  Hormon  PI.,  Minnoopoln  3,  Minn. 


2017  Grand  Avo.,  Kansas  City,  Mo. 
793S  Eustis  St.,  Dallas  1 8,  Toxos 
401 8  Groor  Avo.,  St.  Louts,  Mo. 

1 526  Ivy  St.,  Donvor,  Colo. 


4214  CoualryClMbDr4ang8oach7,CaL 
420S  N.E.  22nd  Avo.,  PorMond  1 1,  Oro. 
Calxo  Postal  930,  Sao  Paulo,  Oratil 
50  Yarmouth  Rd.,  Toronto,  Canada 
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Oct.  12-14.  Fall  Meeting,  Buffalo, 
N.  Y.  Electrochemical  Society, 
Colin  G.  Fink,  secretary,  Columbia 
University,  New  York  27,  N.  Y. 

Oct.  16-18.  Fifty-Sixth  Semi-An¬ 
nual  Fall  Conference,'  New  York, 
N.  Y,  Society  of  Motion  Picture 
Engineers,  IV.  C.  KunMiann,  vice 
president.  Hotel  Pennsylvania, 
New  York,  N.  Y. 

Oct.  16-19.  Twenty-Fifth  Annual 
Meeting,  Cleveland,  Ohio.  Ameri¬ 
can  Welding  Society,  M.  M.  Kelly, 
secretary,  33  West  39  St.,  New 
York  18,  N.  Y. 

Oct.  19-21.  Electronic  Parts  and 
Equipment  Industry  Conference, 
Chicago,  Ill.  Association  of  Elec¬ 
tronic  Parts  and  Equipment 
Manufacturers;  Eastern  Div., 
Sales  Managers  Club;  and  Na¬ 
tional  Electronics  Distributors 
Association.  H.  W.  Clough,  chair¬ 
man,  PO  Box  5070-A,  Chicago  80, 


FRACTIONAL  H.P.  MOTOR 

For  use  in  model  work,  or  in  any  usage 
where  a  small,  powerful,  slow  speed  motor  is 
required.  Compact,  l/20th  horsepower  in¬ 
duction  type.  Operates  from  25  to  30  volts 
AC,  60  cycles.  Motor  speed  2400  RPM,  with  gear 
train  driving  ^4"  shaft  at  24  RPM.  2"  x  1^*  x  3" 
overall,  excluding  shaft. 

Ml 4699.  Specially  priced . $2.S0 


BROADCAST  RECEIVER 

MODEL  FAX-2A 


RCA  FACSIMILE 

RCA 


Fully  automatic  pare-tuned  high  fidelity  radio  re¬ 
ceiver,  facsimile  printer  amplifier,  facsimile  printing 
unit,  and  Telechron  time  switch  clock.  This  instrument 
has  many  uses  in  the  laboratory.  The  printing  unit 
utilizes  carbon  paper  in  contact  with  white  paper  as  a 
recording  medium.  G)mplete  with  tubes  and  operating 
and  service  instructions,  but  less  recording  paper. 
M25749  . . $99.50 


Nov.  2-3.  National  Time  and  Mo¬ 
tion  Study  Clinic  Chicago,  Ill. 
Industrial  Management  Society. 
C.  S.  Becker,  vice  president,  205 
West  Wacker  Drive,  Chicago  6,  Ill. 

Nov.  13-14.  Annual  Receiver-  and 
Tube-design  Meeting,  Rochester, 
N.  Y.  Radio  Manufacturers  Asso¬ 
ciation  and  Institute  of  Radio 
Engineers;  Bond  Geddes,  secre¬ 
tary  RMA,  1317  F  St.  N.W.,  Wash¬ 
ington,  D.  C.;  Haraden  Pratt, 
secretary  IRE,  330  West  42  St., 
New  York  18,  N.  Y. 

Nov.  9-10.  Fall  Meeting,  Dayton, 
Ohio.  Institute  of  the  Aeronau¬ 
tical  Sciences,  Robert  R.  Dexter, 
secretary,  1505  RCA  Bldg.  West, 
Rockefeller  Center,  New  York  20, 
N.  Y. 


MEISSNER  9"  SLIDE  RULE  DIAL 

Single  speed  vernier  dial  mechanism.  Fits  %"  shaft 
3-band  scale  calibrated  5.85-18.2  me, and  17.6-42mc.  In¬ 
cludes  escutcheon  and  bayonet  type  dial-light  sockets. 
Ratio  17:1. 

M9977.  Type  23-8232  . $4.7( 


OHMITE  RHEOSTAT 

2-section  unit.  1375  ohms  each  section.  Each  covering 
approximately  40  degrees  rotation,  and  insulated 
from  each  other.  *4  "  shaft. 

M816S . $1.39 


LAFAYETTE  DYNAMIC  SPEAKER 

5-inch.  For  call  systems,  hearing  aids  and  midget 
radios. 

Ml  9262.  450  ohms . $1.39 


NOTE:  All  It^mg  f  gtrlitr  «ale 


Naval  Electronic 
Production 

Deliveries  of  radio  and  other  elec¬ 
tronic  equipment  for  the  Navy  are 
currently  reported  to  be  well  in  ex¬ 
cess  of  $100,000,000  monthly.  This 
figure  is  five  times  the  total  produc¬ 
tion  for  all  purposes  in  1940. 


The  country's  most  valuable 
catalog  of  radio  and 

ELECTRONIC  COMPONENTS 

AND  EQUIPMENT— 104  PAGES 

PACKED  WITH  ITEMS  AND  VAL- 

UES  OF  HIGH  INTEREST  TO  M 

INDUSTRY,  GOVERNMENTAL 

AGENCIES.  DEALERS,  SERVICE 

MEN,  RADIO  SCHOOLS,  ETC.  1  V  IBIhH 

THE  ONLY  1944  VOLUME  OF  m 

ITS  KIND.  COPIES  ARE  GO-  jPlk 

ING  FAST.  MAIL  COUPON 

IMMEDIATELY. 


OtpL 
rho$* 
lafo)r«***  ** 

1  Ho.  9^- 

\  URMt . 

^  adores^ 
1  cin 


,  FREE 

Corpofo**®" 


Electronic  Conference 
Program 

Scientific  developments  in  elec¬ 
tronics  and  electronic  applications 
in  industry  and  medicine  are  to  be 
emphasized  at  the  National  Elec- 


Chicogo  7,  Illinois  A*  265  Peachtree  Street,  Atlanta  3,  Georgia 
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PERMANENT  MAGNETS  MAY  DO  IT  BETTE 


&  A. 

r 

1  / 

Precision  Built ...  by  the  MillionI 


Few  products  require  more  exacting  manuiac 
hiring  skill  than  permanent  magnets.  Yet  this 
company,  one  of  the  armed  forces'  vital  sources 
of  supply,  is  producing  them  in  almost  unbe 
lievable  numbers. 


l]VDlAI¥i%  STEEl.  PRODlTCiVS 


6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2.  ILLINOIS 


*  Specioiists  in  Permanent  Magnets  Since  1910  ^ 


Our  engineers  have  rendered  important  service 
to  many  manufacturers  by  solving  their  perma¬ 
nent  magnet  designing  problems.  They  will  be 
pleased  to  consult  with  you.  Write  for  a  copy  of 
our  "Permanent  Magnet  Manual". 


Help  Win  the  War  in  ’44  —  Buy  War  Bondsl 


COPYRIGHT  1944.  THE  INDIANA  tTEEL  PNOOUCTS  COMPANY 


ivy  are 


r.  This 


PhotOffraph  Signal  Corpt,  U.  S.  Army 

Telex  in  the  Aleutians 


.  EXPERIENCE  OFFERS 
Magnetic  Receivers: 


Co.  Vol. — Approx.  0.3  cu.  in. 
Impodanc* — Up  to  5000 
ohms. 

Sonilttvlty  —  18  dynes /sq. 
cm.  for  10  microwatt  input. 
Conatructlon  —  Rugged  and 
stable,  using  only  finest  mater¬ 
ials,  precisely  machined — no 
diaphragm  spacing  washers 
in  Telex  receivers. 

Transformers  and  Chokes: 

Cu.  Vol. —  Down  to  .1 5  cu.  in. 
Cor*  Motoriol  —  High  per¬ 
meability  steel  alloys. 
Windings  —  To  your  specs. 
( Limit  of  six  outside  leads  on 
smallest  cores.) 


Yes!  Telex  Receivers  played  a  vital  part 
in  1943  during  the  occupation  of  Attu 
Island  in  the  Aleutians.  When  this  picture 
was  taken  the  first  wave  of  occupation 
forces  were  just  landing  on  the  rocky 
beaches  of  Attu  Island. 

Telex  magnetic  receivers  bring  each  vital 
message  with  crystal  clearness  to  the 
anxious  ears  of  the  radio  operator.  Tireless 
preparation  by  Telex  engineers  guarantees 
our  boys  dependability — the  best  that 
American  engfineering  can  produce. 

The  prolonged  hours  of  careful  research 
and  analysis  which  the  engineers  of  Telex 
have  devoted  in  creating  the  first  wearable 
Electronic  Hearing  Aid  and  in  serving  the 
U.  S.  Army  Signal  Corps  should  be  valu¬ 
able  in  helping  you  solve  your  electronic 
development  problems.  Write  us  today. 

ELECTRONIC  PRODUCTS  DIVISION 

PRODUCTS  COMPANY 

TELEX  PARK  •  MINNEAPOLIS  •  MINNESOTA 
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tronics  Conference  in  Chicago, 
October  5  to  7.  The  program  has 
been  prepared  by  Professor  Arthur 
B.  Bronwell  of  Northwestern  Uni¬ 
versity  and  a  tentative  list  of  sub- 
jects  is  classified  as  follows. 

Television 

Color  and  U-II-F  TelevlsKHl  by  Dr.  P.  C 
Goldmark,  CBS. 

Kefleetlve  Optica  In  Televialon  by  I.  G. 
Maloff  and  D.  W.  Epatcin.  RCA. 

Radio  Relay  Syatems  by  C.  W.  Hanaell. 
RCA  Laba. 


Ultrahigh  Frequencies 

A  Llghthouae  Tube ;  a  Pioneer  Develop-  i 
ment  by  B.  F.  Peterson  and  E.  D.  Me-  ' 
Arthur,  G.  E.  { 

Principlea  of  Klyatron  Ainpliflera  by  Dr.  i 
Robert  Haxby,  Sperry. 

Developmenta  of  Electronic  Tubes  by  I.  E. 
Mourontaeff.  Weatinghouae. 

Wlde-Frequency-Uange  Tuned  Circuita  for 
High  Frequenciea  by  Dr.  D.  B.  Sinclair.  ; 
General  Radio  Co.  ! 

U-H-F  Converters  and  Converaion  Dia-  i 
grama  by  Dr.  Harry  Stockman,  Harvard. 

! 

Radio 

Generation  of  Quaal-Continuoua  Fre¬ 
quency  Spectra  by  Dr.  Harold  Goldberg 
and  Richard  G.  Talpey,  Stromberg-Carlaon 

A  Frequency-Dividing  Lock-In-Oaclllator 
F-M  Receiver  by  G.  L.  Beera,  RCA. 

Incremental  Premeabllity  Tuning  by  W.  . 
J.  Polydoroff,  Conaulting  Engineer. 

Audible  Audio  Diatortlon  by  H.  H.  Scott.  ' 
General  Radio  Co. 

Broadband  Carrier  and  Coaxial  Cable  | 
Networks  by  P.  A.  Cowan,  .\T&T. 


Industrial  Measurements  and  Special 


Devices 


.  Supersonic  Reflectoacope  for  Inspecting 
the  Interior  of  Metal  Parts  by  Dr.  F.  A. 
Firestone,  University  of  Michij^n. 

Dynamic  Strain  Gagea  by  C.  A.  Dohren- 
wend.  Armour  Research  Foundation. 

The  Mass  Spectrometer  and  Its  Practical 
Applicationa  by  J.  A.  Hippie,  Westinghouae. 

Two-Million-Volt  X-Ray  Unit  by  Dr.  E.  E. 
Charlton  and  W.  F.  Westendorib  O.  K. 

Industrial  Fluoroscopy  of  Light  Ma¬ 
terials  by  Dr.  Scott  W.  Smith,  Kelley- 
Koett  Mfg. 

Application  of  Amplifier  Theory  to  Me¬ 
chanical  Stability  Problems  by  John  M. 
Cage,  Allis-Chalmers. 


Industrial  Electronic  Controls 


Electronic  Mechanisms  in  Process  Plants: 
and  Industrial  Laboratory  by  T.  A.  Cohen. 
Wheelco  Instrument  Co. 

Electronic  Measurements  of  Non-Electri¬ 
cal  Quantities  by  H.  D.  Middell,  G.  B. 

Cathode  Ray  Tubes  and  Their  Applica¬ 
tion  by  Dr.  P.  S.  Cbristaldl.  Allen  B.  Du¬ 
Mont  Laboratories. 

Electronics  in  Instrumentation  by  Wai¬ 
ter  P.  Wills,  Brown  Instrument  Co. 

Design  Factors  in  the  Application  of  Re 
lays  by  R.  H.  Herrick.  Automatic  Electric 
Co. 


Induction  Heating  ^ 

High  Frequency  Induction  Heating  by  C. 
J.  Madsen  and  R.  M.  Baker,  Westiughouse. 

New  Methods  and  Techniques  in  High 
Frequency  Heating  by  Dr.  Eugene  Mittel- 
mann,  Illinois  Tool  Works. 

High  Frequency  Electronic  Generator* 
for  Industrial  Heating  by  Dr.  Wesley  Ro- 
berds,  RCA. 


Electronic  Applications  in  the  Power 


Field 


Power  Applications  of  Electronics  bjr 
A.  C.  Montieth,  Westinghouse. 

Power  Kectlflers  and  Inverters  by  J.  A.| 
Cox  and  G.  F.  Jones.  Westinghouse. 

Electronic  Power  Converters  by  Dr.  E.j 
F.  W.  Alexanderson.  G.  E. 


Medical  Applications  of  Electronieti^ 

Electronic  E<|uliiittent  in  the  Medi«l 
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MOLDED 


Thb  diagrammalk  Mustration  shows  how 
oonvontionol  ooras.inoldod  by  applying 
prastura  to  tha  ands,  ratuHs  in  a  dansa 
grouping  of  iron  portidas  at  thasa 
points.  In  sida-moldad  coras,  howavar, 
any  dansity  rasulting  from  molding 
prassura  axtands  avanly  along  tha 
antira  langth  of  tha  cora,  assuring  uni¬ 
form  parmaability  with  raspact  to  langth. 


Uniform  Permeability 
with  Respect  to  Linearity 


SIDE 


MOLDED 


CORES 


IRON 


Use  in  many  applications  has  shown  Stackpole  side* 
molded  iron  cores  outstandingly  superior  to  conventional 
end-molded  cores  for  permeability  tuning  in  the  broad¬ 
cast  bands.  Similar  side-molded  units  are  now  available 
for  short  wave  (tctjuencies  including  television  and 
frequency  modulation. 

As  the  name  implies,  cores  of  this  type  are  molded  by 
.  applying  pressure  from  the  sides  rather  than  from  the 
^  ends.  The  resulting  units  show  very  little  variation  in 
density  or  permeability  with  respect  to  length, 
^  thus  assuring  a  high  degree  of  uniformity. 

— 

WRITE  FOR  CATALOG!  Other  Stackpole  Iron  Cart 
types  mclude  both  standard  and  high-frequency  types; 
insulated  types;  iron  cores  for  choke  coils,  etc.  Our  new 
^  rpK  Catalog  RC6  describes  these  as  well  as  fixed  and  variable 
resistors,  and  our  complete  line  of  inexpensive  line,  slide, 
and  rotary-action  switches. 


STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA. 
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>strumcnts-a  complete  line 
ter  than  ever  before-is  nov. 
of  “regular”  business.  Natu- 
numbers  ready  in  the  stock 
romptest,  but  all  our  mstm- 
sed  production  facilities,  are 
Uifying  speed.  You  can  count 
,Ucc  vour  orders  now. 


®i^\WSnfflMIillTOO 


wm 

bluffton 


ELECTRONICS  —  September  1944 


IftOAl  »ND^TRIA4 

AARLICATiONS 


CHARACTERISTICS 


In  iin9ln  phase  circuits,  full  wave  ractifi' 
cation  can  be  obtained  with  good  regu' 
lation  with  a  circuit  that  supplies  500C 
volts  D.C.  at  3  amperes,  with  no  indica' 
tion  of  arc  back 


PEAK  INVERSE  VOLTAGE 


Ceiid.  mercury  temp.  20°  to  50°c  =  15,000  v 
Ceud.  moreury  temp.  20°  to  60°c  =  10,000  v 
Max.  peak  plate  enrrent^-amps— 4.  Max.  Average 
Plate  current-amps — 1.5  Filament — 5  volte — 10  amps 


TYPICAL  CIRCUIT  CONDITIONS 


Single  phase  full  wave  (2  tube)  5,000  3  amps 

Single  phase  bridge  (4  tube)  10,000  3  amps 

Three  phase  half-wave  (3  tube)  7,500  4.5  amps 

Three  phase  par.  Double  T  (6  tube)  7,500  9  amps 

Three  phase  full  wave  (6  tube)  14,500  4.5  amps 


We  SPECIALIZE  in  INDUCTION  HEATING  TUBES 

IIUMIBUTC 

In  addition  to  the  ARPIN  575-A,  we  recommend  four  additional  tubes  for  industrial  heating 
applications  which  have  met  with  widespread  approval.  These  are  the  ARPIN  Nos.  875-B,  892, 
869-B  and  95-T.  Write  for  Characteristic  Sheets  of  these  tubes,  or 

Writs  for  ths  NEW  ARPtN  CATALOG  .  .  .  illustrating  and  describing  all 
new,  current  ARPIN  Tubes. 


ARPIN  MANUFACTURING  CO. 


422  ALDEN  ST. 
ORANGE,  N.  J. 


rr<)fp.9slon  by  Dr.  A.  H.  Carter,  American 
Merlical  AKHOciation. 

Electroencephalograplry  by  Dr.  Ralph  Gi¬ 
rard,  University  of  Chicago. 

Recent  Theoretical  Developments 
in  Electronics 

Theory  of  Microwave  Oscillation  Genera¬ 
tors  Using  Velocity-Modulated  Electron 
Beams  by  Dr.  E.  U.  Condon,  Westlnghouse. 

Theorem  of  Loren  tz  for  Electrons  in 
Magnetic  Fields  by  Dr.  Lron  Drillouln. 
Columbia  University. 

Transient  Response  of  Wlde-Band  Ampli¬ 
fiers  by  Dr.  W.  W.  Hansen,  Sperry. 


!  Underground 


Communications  Center 


I  In  England,  two  years  before  D- 
Day,  work  was  started  on  a  com¬ 
bined  sigrnal  headquarters  for 
American,  British,  and  Canadian 
forces.  One  hundred  feet  beneath 
the  English  countryside,  this  cen¬ 
ter  is  a  town  in  itself.  Radio  facili- 
j  ties  are  such  that  complete  direc- 
i  ^ion  of  the  battle  in  France  could 
I  be  exercised  from  this  point. 


Television  Course  for 
Radio  Engineers 

During  October,  NBC  will  sponsor, 
in  New  York,  a  special  four-week 
course  in  television  for  the  engi¬ 
neering  personnel  of  its  affiliated 
stations.  Given  under  the  direction 
of  the  RCA  Institute,  the  course 
will  be  composed  of  field  trips  alter¬ 
nating  with  lecture  classes.  Sub¬ 
jects  will  include  major  elements  of 
television  systems ;  remote  tele¬ 
vision  pickups,  cathode-ray  tubes 
and  oscilloscopes,  kinescope  deflec¬ 
tion  methods,  analysis  of  television 
receivers,  studio  design  and  ar¬ 
rangement,  iconoscopes  and  orthi- 
cons,  analysis  of  control  pulses, 
wide-band  line  amplifiers,  television 
transmitters,  and  television  de¬ 
velopments  and  trends.  Other  fea¬ 
tures  will  include  inspections  of 
live-talent  studios  in  Radio  City 
and  of  the  transmitter  in  the  Em¬ 
pire  State  Building. 

Unionists  Learn  Electronics 

Feeling  that  electronics  is 
about  to  become  the  dominant  part 
of  the  electrical  industry  and  run 
into  four  billion-dollar  proportions, 
the  International  Brotherhood  of 
Electrical  Workers  (AFL)  is  work¬ 
ing  with  the  Engineering  College 
of  Marquette  University  to  estab¬ 
lish  a  national  electronics  school 
for  its  membership. 

Intensive  six-week  courses  are  to 
be  given  to  700  men  a  year,  each  of 
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INICS 


GIVE  SENSITIVE  EQUIPMENT 
AN  IMPENETRABLE  DEFENSE  WITH 


Blodc  the  only  points  of  entry  for  dust,  fungus,  moisture  and  other  external 
•elements  that  threaten  the  efficiency  of  equipment  under  tough  military  condi¬ 
tions.  Adopt  Sperti  Hermetic  Seals  for  capacitors,  condensers,  inductances, 
relays,  vibrators,  transformers  and  other  component  parts. 

ONI  PIECE.  Glass  and  metal  are  fused  into  one  piece  to  form  a  vacuum-tight 
hermetic  bond.  Resist  corrosion.  Have  a  thermal  operating  range  of  -70°  C.  to 
200°  C  Insulation  leakage  resistance.  30,000  megohms,  minimum,  after  Navy 
immersion  test. 

SOLOEIING  TEMPERATURE  NOT  CRITICAL.  Simple,  easy  to  attach  by  means  of  high 
frequency,  oven-soldering  or  standard  soldering  iron. 

WIRE,  WRin  OR  PHONE  TODAY  for  information.  Full  details  of  planned  use  of 
Sperti  Hermetic  Seals  will  bring  proper  recommendations  and  desired  samples, 
promptly.  _ 


INCORPORATED 


EIttronit  Divition,  0«pf.  £-4 


DEVELOPMENT  •  MANUFACTURING  •  CINCINNATI  12,  OHIO 


i 


EIECTRONICS  —  S«pFemW  1944 


electric  CO, 
'PLAND,  OHIO 


patent 


IH  PRODUCTIOH 


IfU^Ktac 


This  NEW  ACRO  MINIAC— the 
smallest  fully  enclosed  snap- 
action  switch  in  production  and 
use  —  is  built  with  the  well- 
known  patented  ROLLING  SPRING 
that  eliminates  friction,  maintains 
higher  contact  pressure  and  pro¬ 
longs  life. 

Built  with  a  bakelite  case,  it  is 
only  1-3/16^^  long,  13/16'^  wide 
and  only  a  trifle  over  1  /4'^  thick. 

Designed  with  4  mounting  holes 

RATED  AT  15  AMPS.,  115  VOLTS,  A.C 
Write  for  details  today. 


3/32'^  diameter.  Unusually  well 
adapted  for  stacking  in  multiple 
assemblies.  Stainless  steel  pin 
actuator.  All  parts  are  non-corro¬ 
sive.  All  contacts  are  of  fine  silver. 
Blades  and  rolling  spring  of  beryl¬ 
lium  copper.  Single  pole,  normally 
open  or  normally  closed  and 
double  throw.  Available  with  air 
gaps,  .010^^  to  .040'^.  Standard 
operating  pressures  in  3  ranges 
from  5  oz.  to  20  oz. 


1316  Superior  Avenue,  Cleveland  14,  Ohio 

N*w  York,  Chicogo,  Buffalo,  Detroit,  Dallas,  Omaha,  St.  Paul,  Kansas  City,  Memphis,  Tampa, 
Baltimore,  New  Orleans,  Phoenix,  Los  Angeles,  Dayton,  Toronto,  Canada 


vM’hom  will  return  to  his  local  union  I 
as  an  instructor  to  pass  the  infor¬ 
mation  along  to  some  25,000  mem¬ 
bers  per  year.  Tuition  costs  of  the 
electronics  school  amount  to  about 
$30,000  a  year,  which  will  be  taken 
care  of  by  the  international  union. 
Locals  will  bear  the  expense  of 
transporting  and  lodging  their 
member  students. 


Tubes  for  Civilians 


At  least  one  hundred  and  possibly 
200  percent  more  civilian  radio 
tubes  will  be  delivered  in  the  la.st 
half  of  1944  than  in  the  first  half, 
according  to  an  estimate  of  Arthur 
Stringer,  director  of  circulation  for 
the  National  Association  of  Broad¬ 
casters.  Increased  production  is  ac¬ 
tually  in  effect  and  between  35  and 
40  percent  of  the  increase  is  ex¬ 
pected  to  be  shipped  during  the 
third  quarter  of  the  year. 


Listing  of  Licensees 


Names  of  600  holders  of  first-  and 
second-class  radiotelephone  licenses 
comprise  a  list  released  by  FCC  in 
a  third  report  on  its  survey  of  man¬ 
power.  These  licensees  have  indi¬ 
cated  availability  for  employment  in 
the  communications  industry. 

Besides  the  names  and  addresses 
of  the  individuals,  their  present 
draft  status,  the  nature  of  their 
present  emplo3mient,  the  class  of 
license  held,  and  other  particulars 
are  listed.  The  compilation  is 
broken  down  by  state  of  residence 
and  by  census  regions. 


Radio  Telephone  for 
Emergency  Airport  Vehicles 


Construction  permits  for  low- 
power  experimental  radiotelephone 
stations  in  crash  trucks,  ambu¬ 
lances,  and  fire  trucks  have  been 
granted  by  FCC  to  Lockheed  Air 
Terminal,  Inc.  Authorized  for 
transmission  above  100  Me,  the  in¬ 
stallation  will  be  in  the  vicinity  of 
the  company’s  airport  at  Burbank, 
Calif. 


Communications  on  Attu 


U.  S.  FORCES  OCCUPYING  the  Aleu¬ 
tian  Island  of  Attu  found  no  evi¬ 
dence  of  the  use  of  radio  there  by 
the  Japanese.  Stories  to  the  effect 
that  the  Japs  u.sed  high-pitched 
bird-call  whistles  to  give  signals 
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If  you  make  temperature  responsive 
devices  for  any  purpose,  then  some  one  of 
the  35  different  types  of  Chace  Thermosta¬ 
tic  Bimetals  will  exactly  meet  your  needs 
for  the  actuating  element.  Each  type  of 
Chace  Thermostatic  Bimetal  is  especially 
engineered  to  meet  specific  conditions  .  .  . 
each  will  produce  known  action  at  a  pre¬ 
determined  temperature  ...  all  are  very 
economical . . .  and  always  dependable. 

Let  Chace  help  you  select  the  most  efficient  type 
of  bimetal  for  your  control. 

wmCM  AC  E  Co. 

Thermostatic  Bimetals  and  Special  Alloys 
1630  BEARD  AVE  •  DETROIT  9  ,  MICH. 


have  not  been  substantiated  and  I 
such  sounds  are  now  thought  to 
have  been  actual  bird  calls  which  j 
are  still  heard  daily.  These  facts  * 
were  contained  in  a  report  recently 
received  by  Major  General  H.  C. 
Ingles,  Chief  Signal  Officer. 

New  Coaxial  Run  —  | 


Among  facilities  which  may  be 
available  for  a  postwar  television 
network  is  a  new  coaxial  cable  link, 
authorized  by  FCC  between  Terre 
Haute,  Ind.  and  St.  Louis,  Mo.  Per¬ 
mission  was  granted  to  AT&T  for 
construction  of  this  new  circuit 
which  will  contain  six  coaxial  con¬ 
ductors.  Cost  of  the  overall  project 
is  $4,032,000,  including  carrier 
,  equipment  to  be  installed  at  points 
between  Kansas  City  and  New 
York.  The  installation  wil  provide 
226  additional  telephone  channels 
which  are  now  urgently  needed  for 
war  messages. 


Supplementary 
Service  Survey 


All  domestic  broadcast  stations 
including  fm  and  television  are  be¬ 
ing  circularized  by  NAB  (National 
Association  of  Broadcasters)  to  ob¬ 
tain  information  which  will  aid  in 
estimating  present  and  future  needs 
for  frequencies  devoted  to  relay, 
studio-transmitter  link,  experimen¬ 
tal,  and  emergency  use.  Resulting 
information  will  be  tabulated  and 
made  available  to  the  various  RTPB 
panels  dealing  with  allocation  prob¬ 
lems.  Individual  information  will 
be  kept  confidential. 


Radiation  Patents 

At  the  Radiation  Laboratory  of 
Massachusetts  Institute  of  Tech¬ 
nology,  the  Signal  Corps  has  estab¬ 
lished  the  Cambridge  Signal  Patent 
Agency  with  responsibility  for  the 
preparation  of  patent  applications 
related  to  work  at  the  Radiation 
Laboratory  and  at  the  Radio  Re¬ 
search  Laboratory  of  Harvard  Uni¬ 
versity. 

Canadian  Radio 

Power  increases  have  recently 
been  approved  by  Canadian  Broad¬ 
casting  Corp.  for  a  dozen  or  so 
transmitters.  Lack  of  material  is 
delaying  the  approved  changes. 

Other  applications  have  been 
made  and  approved  for  a  number  of 
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ADAPTABLE 


fOR  MANY  PURPOSES 


Ul  IIOMU 


RELAYS  •  RESISTORS  •  RHEOSTATS 

f/ecfnc  control  (w^  devices  since  1892, 


The  Ward  Leonard  Midget  Metal  Bose  Relay  has  proven  so  satis¬ 
factory  and  dependable  that  several  adaptations  have  been  made 

in  it  to  give  it  even  wider  application.  The  relays 
shown  above  are  the  original  relay,  one  with 
auxiliary  contact  and  one  with  porcelain  insula¬ 
tion.  These  relays  may  be  furnished  with  studs 
in  place  of  metal  bases. 


Only  1  Va  inches  in  height.  For  con¬ 
tinuous  operation  on  AC  and  DC 
voltages  up  to  110-115.  Double 
pole,  double  throw.  This  Relay 
described  in  data  Bulletin  104. 
Send  lor  a  copy. 


»^ilip|BMp||Kf  calibrating  b^  ancl  *1^* 

tfocm  Ifhc  tamperatura  r«iga^  ctvoilabla  is 

Npl|tS:||§.  >."  fo  minos^4  ci«g.  F.  Piongra  rang*  is 
sssi  1«^  otflnospbsric  |gvassi«r«  to  1.25  inchos  mar- 
cury  cmd  onyj^ipiim  cd  humidlity  fram  25%  Mlto9S%  RH. 

Ths  woatbsr  fn^^icSs  tha  chamber  can  be  changed  from 
thot  of  a  tn^lkal  |ftngle  to  the  intense  raid  of  the  stitrto* 
sphere  os  ropidiy  os  a  plcrt^con  climb  from  sea  level  to 
its  ceiling.  ; 

Write  f^-TOIiefm^C-44f. 


local  private  stations  and  a  new 
CBC  station. 

Two  60-kw  shortwave  transmit¬ 
ters  are  announced  as  being  in¬ 
stalled  in  New  Brunswick  for  trans¬ 
mission  to  South  America,  Africa, 
Australia,  and  the  Far  East  Over 
these  .stations,  which  represent 
Canada's  first  venture  Into  over¬ 
seas  broadcasting,  programs  will 
be  brought  from  Montreal,  600 
miles  away. 

Jeep-Mounted  Mobile 
Cinema 

For  showing  motion  pictures  in 
battle  areas.  Warrant  Officer  Albert 
A.  Hinchey  established  a  workshop 
in  New  Guinea  where  projection 
equipment  could  be  serviced.  He 
also  combined  equipment  with  the 
necessary  power  supply  so  it  could 
be  mounted  or  a  jeep  for  transport 
by  plane  to  troop  concentrations  in 
areas  inaccessible  by  road. 

As  a  result  of  this  activity,  jeep- 
mounted  RCA  equipment  was  show¬ 
ing  movies  on  Lae  48  hours  after 
the  island  had  been  captured  from 
the  Japanese. 

D.C.  BIAS 

Communications  Construction.  An 
amendment  has  been  issued  by 
FCC  extending  the  time  limit  pre¬ 
scribed  for  facilities  which  have 
been  authorized.  Section  63.05  of 
the  rules  and  regulations  now 
state  that  “Unless  otherwise  de¬ 
termined  by  the  Commission  upon 
proper  showing  in  any  particular 
case  in  the  event  construction 
shall  not  have  been  begun  upon  a 
project  involving  an  expenditure 
of  more  than  $50,000  within  12 
months  from  the  date  of  the  Com¬ 
mission’s  authorization,  or  all  or 
part  of  the  proposed  facilities  shall 
not  have  been  placed  in  operation 
within  36  months  after  such  date, 
such  authorization  shall  terminate 
at  the  end  of  such  12  or  36  months 
period  .  .  For  projects  involv¬ 
ing  $50,000  or  less,  the  time  periods 
■  are  9  months  or  18  months. 

Production  Deficit.  Since  the  prin¬ 
cipal  deficits  in  deliveries  of  mili¬ 
tary  products  are  in  those  items 
most  urgently  needed  in  combat 
areas,  the  Army  has  asked  for  in¬ 
creased  efforts  by  management  and 
labor  to  bolster  up  lagging  pro- 
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An  Army  that  Travels  on  its  Ears 


CERTAINLY,  today’s  armies  have  Stomachs, 
but  they  have  something  Napoleon’s  armies 
did  not  have  .  .  .  Ears.  Ears  that  can  hear,  not  for 
just  a  few  feet,  but  over  any  distance  on  Land,  in 
the  Air  and  on  the  Sea.  Electronic  ears  that  link 
every  unit  of  our  fighting  forces  in  instant  and 
complete  Communication  .  .  .  that  spell  the 
difference  between  success  and  failure. 

As  a  pioneer  designer  and  manufacturer  of 


Sound  Reproducing  Equipment,  it  is  only  natural 
that  Rola  ^hould  be  in  the  forefront  of  the  effort 
to  supply  our  Military  with  the  delicate,  depend¬ 
able  components  for  Communications  Systems... 
Headsets,  Transformers,  Coils  and  other  Elec¬ 
tronic  parts.  Knowing  the  power  of  Communica¬ 
tion  on  the  Home  Front,  it  is  only  natural  that 
Rola  suggests,  "Consider  everything  you  SAY; 
check  the  source  of  everything  you  HEAR.’’ 


THE  ROLA  COMPANY,  INC.  •  2  5  30  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 


ROLA 


Let's  do  more 


in  forty-fourl 


MAKERS  OF  THE  FINEST  IN  SOUND  REPRODUCING  AND  ELECTRONIC  EQUIPMENT 
ELECTRONICS  —  September  1944  289 


FRCOUENCY  KC 


Performance 


COMMUNICATIONS  COMPANY.  Inc. 

Manufacturers  of  Radio  and  Electronic  Equipment 

CORAl  GABLES  3  4,  FLORIDA 


Comco  Receiver 
MODEL  132 

Frequency  Range: 

100  —  166  Me. 

Image  Ratio: 

SOO  to  1  (60  db.) 
at  100  —  128  Me. 

100  to  1  (40  db.) 
at  128  —  166  Me. 

A.V.C.  Action: 

Constant  within  8  db. 
from  100  microToIta 
to  100,000  mierovolta 

Sensitivity: 

7.6  microvolt*  80% 
modulated  for  6  mw. 
output 

Signal-to-Noise  : 

IS  db.  at  7  mierovolta 
Input  SO'/c  modulated 


Comco  Receiver 
MODEL  82-F 


The  radio  telephone  receivers  illustrated  above  are 
of  the  fixed  tuned,  crystal  controlled,  superheterodyne  type,  for 
aeronautical  ground  stations,  airport  control  towers,  police 
radio  stations  or  point-to-point  service. 

We  invite  your  inquiries  as  to  use  of  these  receivers  in  con¬ 
junction  with  your  present  or  post-war  planning.  Our  facilities 
are  at  your  service,  whether  you  need  complete  transmitters, 
receivers,  or  some  electronic  component  which  we  can  help 
design  and  manufacture  for  you. 


Frequency  Range : 
2.0  to  8.0  Me. 


A.y:C.  Action: 


Constant  within  3  db. 
from  10  microvolts  to 
1  volt 


Sensitivity: 

3  microvolts  30%  mod¬ 
ulated  for  60  mw. 
output 


Signal-to-Noise : 

9  db.  at  3  microvolts 
Input  30%  modulated 


Image  Ratio: 

60,000  to  1  (94  db.) 
at  2.6  Me. 


66,000  to  1  (96  db.) 
at  3.6  Me. 


46.000  to  1  (93  db.) 
at  4.8  Me. 


10,000  to  1  (80  db.) 
at  6.6  Me. 


duction.  Radio  and  electronic 
equipment  is  in  this  category. 
Materials  in  production  today  are 
required  to  meet  expenditures  oh 
the  battle  front,  and  failures  now 
to  meet  schedules  mean  delays  in 
military  operations  which  may  be 
costly  in  loss  of  lives  and  in  pro¬ 
longing  the  struggle.  -- 

Meanwhile,  WPB  has  made  in¬ 
creased  efforts  to  channel  idle  and 
excess  electronic  components  back 
into  the  production  stream.  Forms 
have  been  sent  to  all  radio  prime 
contractors  and  component  manu¬ 
facturers,  so  that  they  can  report 
excess  and  idle  stock.  The  com¬ 
ponent  recovery  section  of  WPB 
will  maintain  distribution  of  pub¬ 
lished  idle-and-excess-component 
listings. 

Surplus  Disposal.  An  orderly 
method  of  handling  future  huge 
■quantities  of  electronic  surpluses 
is  expected  to  result  from  present 
tests  on  ways  of  handling  cur¬ 
rently  small  amounts  of  products 
by  Defense  Supplies  Corp.  Among 
specific  problems  anticipated  are 
those  surrounding  the  disposition 
of  obsolete  walkie-talkies  and 
similar  equipment  which,  unless 
care  were  exercised,  might  end  up 
in  the  hands  of  criminals  or  other 
subversive  elements. 


Mica.  At  recent  meetings  of  the 
raw  mica  fabricating  industry  ad¬ 
visory  committee,  methods  were 
discussed  for  obtaining  and  con¬ 
serving  the  better  qualities  of 
mica,  for  manufacture  of  block 
mica  into  film,  and  for  establish¬ 
ment  of  standards.  Questions  cov¬ 
ered  included  the  advisability  of 
changing  the  dividing  line  between 
strategic  and  non-strategic  block 
mica,  while  relaxation  of  unneces¬ 
sary  controls  was  advocated  by  in¬ 
dustry  representatives. 

It  was  reported  that  large  stocks 
of  No.  6  mica  of  better  qualities 
(good  stained,  fair  stained,  clear, 
and  slightly  stained)  are  now 
available  for  all  purposes.  Radi) 
tube  manufacturers  were  urged  to 
use  the  better  quality  even  though 
prices  of  finished  tube  parts  might 
increase.  Greater  consumption  of 
No.  6  mica  would  be  beneficial  in 
relieving  pressure  on  No.  5  and 
for  radio  and  radar  capacitors. 

To  help  the  industry  acquaint  it¬ 
self  with  the  various  micas  avail¬ 
able,  tentative  plans  call  for  100-lb 
samples  of  each  quality  to  be  main- 
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fLvft!  Photomicf ogropH  of  bottom  of  57  mm 
ihot,  Brinell  hordneii  247,  with  correspond¬ 
ing  cyclogram*tk 


(Below)  Photomicrograph  of  top  of  some  shot 
Brinell  hardness  451.  Cyclogrom  shows  cor 
responding  change  in  structure. 


Thdy  wanted  to 


LOOK 


METALS 


. . .  and  DuMont  Laboratories  found  that  pure  Nickel 
and  Nickel  alloys  provided  all  the  properties  they 
sought  to  make  the  electronic  eyes  of  theirCyclograph 


mWL  •  “R"  MMEl  •  “S"  Mmi  •  "R"  HMfl  •  “U '  MRNEl  •  IRCSREL  •  MCRll  •  “Z**  MCREl  | 

Strip... moa... Tubing. ..WIro...C»»Unt% 


The  Cyclograph  gives  an  immediate  electronic  view  of  the 
inner  make-up  of  metals. 

Its  cathode-ray  tube  reveals  differences  in  magnetic  and 
electrical  properties  of  metals  which  may  be  correlated  with 
differences  in  one  of  the  following;  chemical  composition, 
hardness,  toughness,. internal  stresses,  case  depth,  thickness 
of  plating  or  cladding,  and  other  characteristics. 

These  readings,  to  be  accurate,  require  cathode-ray  tubes 
free  from  tube-caused  errors  which  mightaffect  theCyclogram. 

Naturally  the  cathodes  of  DuMont  cathode-ray  tubes— as 
in  the  majority  of  modern  tubes— are  pure  Nickel. 

For  Nickel  provides  the  combined  mechanical,  electrical 
and  electronic  properties  which  give  the  DuMont  cathode-ray 
tube  its  long  life. 

This  use  of  pure  Nickel  and  other  Nickel  alloys  in  the 
DuMont  cathode-ray  tube  is  typical  of  the  unique  service 
given  by  Nickel  and  its  alloys,  for  Nickel  alloys  offer  the 
electrical,  expansion,  magnetic  and  non-magnetic  character¬ 
istics  required  in  electronic  devices. 

If  you  have  a  problem  involving  the  selection  of  the  right 
metal  for  an  electronic  application,  you  are  invited  to  consult 
INCO  Technical  Service.  Address:  The  International  Nickel 
Company,  Inc.,  67  Wall  Street,  New  York  5,  N.  Y. 


^ILILWS 


GOOD  bad  GOOD  GOOD  W... 6.500.000 
bullets,  rejected  because  of  a  mix-up  in  copper 
cladding  measurements,  were  re-sorted  by  the 
DuMont  Cyclograph ...  99  %  of  them  salvaged ! 


ALL  METAL  PARTS  OF  CYCLOGRAPH 
TUBES  ARE  SICKEL  &  NICKEL  ALLOYS 
. .  .  Nickel  is  de-pssed  readily  .  . .  has  strength 
(o  endure  de-gassing  bombardment  at  1850°  F. 

It  resists  warpage  and  distonion . . .  has  high 
stiffness  and  damping  capacity  to  minimize  vi¬ 
brations  of  delicate  parts. 

It  does  not  rust ...  is  highly  resisunt  to 
corrosion. 

When  carbonized,  it  supplies  ductile  easily- 
formed  strip  of  very  high  thermal  emissivity. 

The  high  work  function  of  Nickel  minimizes 
back  emission. 

It  is  unsurpassed  as  a  base  for  stable,  oxide 
coated  cathodes  of  high  elearon  emissivity  and 
long  life. 

It  resists  deformation  in  handling  during 
manufacture  .  .  .  makes  strong  spot  welds  and 
resists  oxidation  during  welding. 
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So  YOU  would  like  a  sensitive  relay  for  that 
remote  control  circuit  L 

Sensitivity  is  important  for  many  relay  applica¬ 
tions.  And  if  that  is  all  you  want,  there’s  no  prob¬ 
lem.  It’s  easy  to  build  a  relay  that  will  “operate” 
on  a  small  amount  of  power. 

But  sensitivity  without  contact  reliability  is  use¬ 
less.  So  what  you  really  want  is  a  relay  that  is 
not  only  sensitive,  but  also  has  the  contact  pres¬ 
sure  needed  for  reliability  under  actual  service 
conditions. 

Sensitivity  and  contact  reliability  are  opposing 
factors.  To  get  a  high  measure  of  both  qualities 
in  one  relay  calls  for  an  exacting  balance  be¬ 
tween  electrical,  mechanical  and  magnetic  design 
factors.  We’ve  been  building  such  relays  for  years 
—to  meet  hundreds  of  requirements,  from  com¬ 
plex  telephone  switching  circuits  to  simple  con¬ 
trol  functions  on  aircraft  and  radios. 

Next  time  you  need  a  sensitive  relay,  let  the 
Automatic  Electric  held  engineer  show  you  how 
to  get  sensitivity  plus  contact  reliability.  No 
matter  what  the  nature  of  your  problem,  there  is 
an  Automatic  Electric  relay  that  will  give  you  both. 


AND  OTHER  C  C^N  TROL  DEVICES 

AUTOMAT  I  C 
ELECTRIC 


The  Automatic  Electric  Class  B  Relay  shown  here  combines  high  sensi~ 
tivity  and  contact  reludfility.  It  has  a  highly  efficient  magnetic  circuit, 
long  wearing  mechanical  structure,  independent  twin  contacts,  and 
capacity  Jor  any  number  of  springs  up  to  26.  Contact  pressures  average 
20  grams  per  contact.  Compare  this  with  "sensitive’’  relays  having  con¬ 
tact  pressures  of  leu  than  five  grams. 


For  high  sensitivity  and  contact  reliability  in  small  space,  your  best  bet 
is  the  Class  S  Relay  shown  here.  Especially  designed  to  meet  the  severe 
conditions  of  operation  on  fast  modern  aircraft,  it  is  also  recommended 
where  space  is  at  a  premium.  Because  of  the  great  demand  for  Class  S 
Relays  for  vital  war  products,  we  urge  that  you  avoid  its  use  except 
where  no  other  relay  will  serve. 


AUTOMATIC  ELECTRIC  SALES  CORPORATION 

1033  W*ct  Van  B«ir«n  Sfraat  •  Chicago  7,  III. 

In  Canada:  Automatic  Eloctric 
(Canada)  LimHod,  Toronto 
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tained  for  inspection  at  New  York 
and  Washington.  Capacitor  manu¬ 
facturers  were  urged  to  call  the 
attention  of  their  customers  to  the 
desirability  of  using  capacitors 
of  low-quality  mica  in  place  of  pa¬ 
per-dielectric  units.  Only  one- 
third  of  available  mica-capacitor 
facilities  are  being  utiHred  at 
present. 

Dry  Cell  Batteries.  Consumers  dur¬ 
able  goods  division  of  WPB  is 
pointing  out  to  distributors  of 
farm  radio  batteries  that  such 
products  have,  within  the  past 
year,  become  one  of  the  most  ur¬ 
gent  and  critical  products  in  our 
war  production  program.  Military 
requirements  were  described  as 
exceeding  production  by  an  esti¬ 
mated  30  percent.  Because  fifty  or 
more  military  items  such  as  radios, 
buoys,  submarine  detectors,  direc¬ 
tion  finders,  bazookas,  and  field 
telephones  require  dry  batteries, 
it  is  unlikely  that  the  industry  will 
be  able  to  do  any  more  than  main¬ 
tain  the  present  inadequate  civil¬ 
ian  production.  The  production 
bottleneck  was  indicated  as  being 
a  shortage  of  workers  rather  than 
a  shortage  of  materials  or  ma¬ 
chines. 


KESTER,  The  Right  Solder 
for  an  Exacting  Job 


O  Solder  used  in  building  cmd  assembling  electronic  equipment 
must  be  zi(^ht.  The  successful  operation  of  the  unit  as  a  whole 
often  hinges  upon  this  important  factor. 

•  Kester  Rosin-Core  Solder  is  right  for  safeguarding  electronic 
circuits.  The  patented,  plastic  rosin  flux,  especially  com¬ 
pounded  for  this  type  of  soldering,  is  self-contained  in  the  core 
of  the  alloy  in  proper  amount  for  perfect  results.  It  will  not 
cause  corrosion  or  injure  insulating  material. 

•  In  the  wide  range  of  Kester  core  and  strand  sizes,  there  is  one 
combination  exactly  suited  to  your  requirements.  Consult 
Kester  engineers — they'll  gladly  assist  you  in  working  out  the 
right  solder  formula  for  your  plant  operation.  Write  fully — 
there's  no  obligation. 


BUSINESS  NEWS 


In  the  theater  equipment  busi¬ 
ness,  RCA  Victor  Div.,  Radio  Corp. 
of  America,  plans  postwar  distri¬ 
bution  on  a  worldwide  basis  not 
only  of  sound  reproducing  equip¬ 
ment  but  also  related  theatrical 
apparatus. 

Illinois  Condenser  Co.  increases  its 
production  to  a  point  300  percent 
above  activities  a  year  ago  by  ad¬ 
dition  of  a  floor  to  its  Chicago 
plant. 

Two  department  heads  at  Kolls- 
man  Instrument  Co.,  Flushing,  N. 
Y.,  found  themselves  in  court  re¬ 
cently  for  breaking  an  obscure 
ordinance  which  prohibits  work¬ 
ing  on  Sunday — even  for  an  Army- 
Navy  E. 

Labor  -  management  committee- 
members  at  Hallicrafters  Co.,  Chi¬ 
cago,  III.,  turned  over  to  the 
Army’s  new  Vaughan  General  Hos¬ 
pital  the  $2500  that  employees 
would  have  been  paid  for  working 


KESTER  SOLDER  COMPANY 


4204  Wrightweod  AvenH* 
Eastern  Plant:  Newark,  N.  J. 


Chicago  39,  Illinois 
Canadian  Plant:  Brantford,  Onferie 


A  BUY  WAR  BONDS  ir 
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Built  to  take  it . . .  anywhere . . .  anytime! 


0  0  0  0  Techrad  LRR.-4  is  built  to  take  it  under 
any  and  all  conditions.  This  Techrad  receiver  has  F.CC 
approval  for  low  radiation,  but  there  are  many  more 
reasons  why  it  is  winning  such  general  acceptance. 

Techrad  LRR-4  is  built  to  insure  uninterrupted  per¬ 
formance  under  the  most  drastic  condi¬ 
tions  of  service  . . .  anywhere  in  the  world.  TECt 
Because  of  its  massive  and  rugged  con-  ^ 

struction,  it  can  be  counted  on  to  get  A 
there,  and  to  get  there  intaa.  It  will  stand  illllllllll 
transshipment  on  the  bang-slam  carriers 
found  in  remote  places  and  be  ready  to  go 
into  service  upon  arrival  at  its  destination. 


TECHRAD 


Techrad  LRR-4  will  work  in  any  climate.  It  offers  a 
high  degree  of  resistance  to  tropical  humidity  and  to 
tropical  organisms  because  LRR-4  transformers  are  her¬ 
metically  sealed. . .  and  LRR-4  wiring  and  terminal  boards 
are  completely* Anti-Fungus  treated.  It  will  also  stand  up 
under  severe  duty  at  sea,  because  LRR-4  is 
EAD  capable  of  withstanding  the  Salt  Spray  Test. 

Techrad  LRR-4  is  available  in  a  number 
^  of  different  models  which  cover  a  variety 

llllipil|\  of  frequency  ranges. 

W  MASTER  ENGINEERING  TAKES 

W  NOTHING  FOR  GRANTED. 


Technical  Radio  Company 

Over  r«N  yara  of  centinvows  mMpmrImnf 

275  Ninth  Stroot  •  San  Francisco  3,  California 

Export  Agantt:  Froxor  &  HonMn,  301  Clay  St.,  San  FraneiK0 11,  California,  U.S.  A. 
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and  Lockwasher^ 


extra  time  on  D-day,  plus  $2500 
they  would  have  spent  on  a  com¬ 
pany  picnic  they  cancelled. 

Madison  Electrical  Products  Corp. 
is  a  new  company  in  Madison,  N. 
J.,  devoted  to  manufacture  of  re¬ 
sistors,  electronic  assemblies,  coil 
windings,  and  special  components. 

By  producing  in  a  single  plant 
more  than  4,178,000,000  single-con¬ 
ductor-feet  of  wire,  during  the  last 
2i  years.  United  States  Rubber 
Co.  exceeds  the  combined  industry 
figure  for  building  wire  in  1941. 

West  Coast  Electronic  Manufac¬ 
turers  Association  accepts  for 
membership  six  new  concerns, 
bringing  the  roster  above  the  fifty 
mark.  The  companies  are  Brittain 
Sound  Equipment  Co.,  Los  An¬ 
geles;  Merle  F.  Faber,  San  Fran¬ 
cisco  ;  Harvey  Machine  Co.,  Los 
Angeles ;  Howard  Pacific  Corp., 
Los  Angeles;  The  Lake  Mfg.  Co., 
Oakland;  and  Special  Electric 
Laboratories,  Los  Angeles. 

Electronic  equipment  for  the 
armed  forces  will  be  manufactured 
by  approximately  2000  workers  of 
Western  Electric  Co.,  in  newly 
leased  space  at  529  West  42  St., 
the  company’s  fourth  manufactur¬ 
ing  plant  in  metropolitan  New 
York. 

Universal  Microphone  Co.,  Ingle¬ 
wood,  Calif.,  purchases  the  entire 
plant  in  which  it  has  been  operat¬ 
ing  under  rental  for  the  past  12 
years.  Included  are  two  two-story 
buildings,  an  annex,  and  two 
stores. 

Home  receivers  are  reported  to  be 
planned  as  part  of  the  postwar 
line  of  the  radio  division  of  Bendix 
Aviation  Corp. 

Under  a  system  referred  to  as  the 
PDQ  plan,  Emerson  Radio  &  Phon¬ 
ograph  Corp.  is  establishing  pref¬ 
erence  delivery  quotas  for  home 
receiver  sales  after  production  is 
resumed.  Priority  certificates  are 
issued  without  cash  deposit  to 
would-be  consumers  who  register 
with  dealers  throughout  the  coun¬ 
try. 

National  Broadcasting  Co.  is  start¬ 
ing  a  50-week  course  in  television 
for  the  engineers  in  its  central  di¬ 
vision.  Instruction  will  be  in 
charge  of  Clarence  Radius,  and 
will  parallel  that  previously  made 


Provides  unfailing  security  with 
Savings  in  Time,  Cost,  Weight,  Space 

Years  of  successful  use  on  Radio  and  Elec¬ 
tronic  equipment  have  proved  that  the 
double-locking  action*  of  PALNUTS 
holds  tight  under  vibration,  eliminating 
need  for  slower,  heavier,  more  expensive 
nut-and-lockwasher  assemblies. 

•  With  this  dependable  security  of  PAL¬ 
NUTS,  you  also  cut  the  cost  of  fastenings 
in  half — reduce  assembly  time  50% — save 
'■^up  to  90%  in  weight — require  less  space. 

PALNUTS  are  single  thread  locknuts, 
made  of  spring  tempered  steel.  Speedily 
applied  with  Yankee  or  Power  Drivers. 
Available  in  a  wide  range  of  types,  sizes 
and  finishes. 

Send  details  of  your  assembly  for  samples. 
Write  for  Palnut  Manual  No.  2  giving  com¬ 
plete  engineering  data. 

THE  PALNUT  COMPANY,  77  Cordier  St.,  Irvington  11,  N.  J. 


Whan  Ml*  PALNUT  is 
tightened,  its  arched, 
slotted  jews  grip  the  bolt 
like  a  chuck  (B-B),  while 
spring  tension  is  exerted 
upward  on  the  bolt  thread 
and  downward  on  the 
part  (A>A),  securely  lock¬ 
ing  both. 
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‘‘The  high  quality  of  their 
product,  which  comprises 
telephones,  switchboards 
and  electrical  supplies,  has 
placed  them  in  the  posi¬ 
tion  of  the  largest  manufac¬ 
turer  of  their  goods  in  this 
section  of  the  country/' 


A  CENTURY  OF  MERIDEN 


publisffb  in  1906 


If  "skill  to  do  comes  of  doing,*  this  thirty-eight  year 
old  commentary  explains  the  record  of  Connecticut 
Telephone  and  Electric  in  manufacturing  telephones, 
switchboards,  and  electrical  supplies  for  the  military 
needs  of  this  war. 

We  look  forward  to  the  next  thirty-eight  years, 
confident  that  this  is  the  dawn  of  the  most  important 
era  yet,  in  the  development  of  communications,  and 
every  other  branch  of  electrical  science. 

if  our  seasoned,  but  progressive,  experience  can 
be  of  help  to  you  in  connection  with  your  communi¬ 
cations  requirements  or  the  development  and  manu¬ 
facture  of  electrical  or  electronic  devices,  we  shall  be 
glad  indeed  to  talk  with  you. 


CONNECTICUT  TELEPHONE 
m  &  ELECTRIC  DIVISION 

^  GREAT  AMERICAN  INDUSTRIES,  INC. 


> 


MERIDEN,  CONNECTICUT 

TELEPHONIC  SYSTEMS  •  SIGNALLING  EQUIPMENT  •  ELECTRONIC 
DEVICES  •  ELECTRICAL  EQUIPMENT  •  HOSPITAL  AND  SCHOOL  COM. 
MUNICATIONS  AND  SIGNALLING  SYSTEMS  •  IGNITION  SYSTEMS 
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available  to  the  company’s  eastern 
personnel. 

Reorganization  changes  Amperex 
Electronic  Products  to  a  Delaware 
corporation,  Amperex  Electronic 
Corp.,  gives  it  an  affiliation  with 
North.  American  Philips  Co.  Per> 
sonnel,  management,  and  policies 
are  unchanged  except  that  former 
senior  partner  N.  Goldman  has  re¬ 
tired. 

A  limited  partnership,  Pioneer 
Gen-E-Motor  transfers  all  its  as¬ 
sets  and  liabilities  to  a  Delaware 
corporation.  Pioneer  Gen>E>Motor 
Corp. 

RCA  Victor  Div.,  Radio  Corp.  of 
America  is  using  17,000  new  pro¬ 
cedures  suggested  by  efficiency¬ 
conscious  workers  since  Pearl 
JIarbor.  This  represents  36  per¬ 
cent  of  all  ideas  submitted. 

In  a  new  building  at  Minneapolis, 
Minn.,  Audio  Development  Co. 
now  houses  its  general  and  engi¬ 
neering  offices,  experimental  and 
design  laboratory,  and  model  shop. 
Space  formerly  occupied  by  these 
units  is  assigned  to  production  for 
a  25  percent  increase. 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  useful  to  you. 


Amazing  New  Four  Spindle  Turret 
Attachment  for  Drill  Press! 


Now  one  drill  press  can  do^  the  work  of 
four  aod,  at  the  same  time,  effect  a  savings  of 
up  to  7  5  %  in  floor  space,  with  the  "Quadrill” 
attachment.  This  rotary  device  will  accom¬ 
modate  four  boring  or  cutting  tools  at  the 
same  time,  yet  one  tool  only  is  in  motion  when 
the  head  is  in  operating  position. 

Tho  entire  unit  is  assembled  to  the  quill  of 
the  drill  press  and  is  driven  from  the  drill 
press  spindle.  Accuracy  and  rigidity  of  align¬ 
ment  of  the  "Quadrill”  are  assured  by  the 
special  construction  of  the  driver  and  spin¬ 
dles,  thus  efficiency  is  only  limited  by  the 
accuracy  and  power  of  the  drill  press  itself. 

Footproofing  in  indexing  is  accomplished 
by  visual  markings  and  by  the  relationship  of 
the  index  pointers  on  the  index  disc,  as  well 
as  the  extension  of  the  spring  retainer.  Four 
hardened  and  ground  spindles  are  fitted  for 
No.  32  Jacobs  chucks  or  their  equivalent.  To 
provide  correct  positioning  at  all  times,  the 
entire  spindle  assembly  is  located  by  means 
of  an  accurate  fitting  of  recess  and  undercut, 
between  turret  and  bearing  housings.  The 
hardened  friction  starter  and  driver  have 
been  so  constructed  that  at  any  speed  proper 
synchronization  of  the  driver  teeth  is  accom¬ 
plished  without  clashing. 

It  g<^es  without  saying  that  our  fighting 
men  must  have  the  finest  possible  quality 
materials  home  industry  can  produce.  So, 
although  the  stock  of  quality  raw  materials 
from  which  Wrigley’s  Spearmint  chewing 
gum  is  made  is  growing  steadily  smaller,  they 
are  still  maintaining  pre-war  standards.  How¬ 
ever,  they  can  now  make  only  a  portion  of 
their  former  output,  so  all  of  this  limited  pro¬ 
duction  is  going  to  our  fighting  men  and 
women  overseas  only  . . .  where  it  is  an  "on- 
duty”  need. 

You  can  get  complete  information  from 

Chicago  Drillet  Corporation,  919  North 

Michigan  Avenue,  Chicago  11,  Illinois, 


PERSONNEL 

Director  of  communications  J.  R. 
Cunningham  rejoins  United  Air¬ 
lines  after  more  than  two  years  of 
active  duty  with  the  AAF. 

At  newly-organized  Grayhill,  Chi¬ 
cago,  Ill.,  W.  S.  Lewis  fills  the  post 
of  chief  mechanical  engineer, 
while  Arnold  Wassell  heads  up 
plastic  design  engineering. 

W.  C.  Walsh,  formerly  electrical 
design  engineer  for  the  Depart¬ 
ment  of  Agriculture,  becomes  dis¬ 
trict  representative  of  the  General 
Electric  electronics  department  in 
San  Francisco,  Calif. 

Within  RMA,  12  parts  group  are 
organized  under  the  chairmanship 
of  Robert  C.  Sprague  of  Sprague 
Electric  Co.  Heads  of  the  various 
sections  are:  Paul  Hetmiyi,  ca¬ 
pacitors,  Solar  Mfg.  Co. ;  Leslie  F. 
Muter,  coils.  Muter  Co.;  J.  H. 
Stackpole,  fixed  resistors.  Stack- 
pole  Carbon  Co. ;  R.  L.  Triplett,  in¬ 
struments,  Readrite  Meter  Works ; 
Hugh  H.  Eby,  sockets,  Hugh  H. 
Eby,  Inc.;  W.  R  MacLeod,  special 
products,  King  Laboratories,  Inc.; 


Quick  and  pocHiv*  indexing 
aoured  by  pointers  on 
index  disc 


Quadrill  assembly  complete 
ready  for  attachment 
to  drill  press 
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5^/,c.RiaiARDSON  COMPANY 


This  switch  design  required  net  enly 
the  churucteristics  cf  i^f"in^ted 
plastic,  hut  also  the  desirahility  c^ 
melding  it.  Thus,  the  arc  chamber  is 
compesedef  feur units  cf  INSUROK 
—  laminated  and  melded  lami¬ 
nated,  fibre  faced.  INSUROK  was 
used  because  its  constant  dielec- 
trie  and  physical  characteristics; 
its  resistance  te  corrosion  and 
ability  te  withstand  continuous  > 
hard  usage.  m 


How  INSUROK  helps 
a  Bull  Deg  control  arcs 


By  keeping  the  amount  of  oxygen  necessary  to  support 
combustion  out  of  the  arcing  chamber,  the  Bull  Dog 
Vacu-Break  Safety  Switch  eliminates  destructive  arcing 
—secures  better  rupturing  performance,  conductivity 
and  safety. 

The  four  INSUROK  units  in  which  the  contacts 
"make”  and  "break”  comprise  a  partitioned  arc  cham¬ 
ber.  Because  INSUROK  Precision  Plastics  assure  close 
fitting;  because  of  their  high  strength  and  dielectric 
qualities;  they  protect  and  make  an  important  contribu¬ 
tion  to  the  efficiency  of  this  Vacu-Break  Safety  Switch. 

INSUROK  Precision  plastics  are  available  in  a  host 
of  grades— in  sheets,  rods  and  tubes  for  fabrication  in 
your  own  plant,  or  in  completely  finished  molded  or 
laminated  parts  or  products.  Perhaps  it  can  solve  one 
or  more  of  your  design  problems,  as  it  has  thousands 
of  others.  For  further  information,  consult  Richardson 
Plasticians— without  obligation,  of  course. 


Robert  A.  O’Reilly,  switches,  Oak 
Mfg.  Co. ;  James  M.  Bennan,  trans¬ 
formers,  Jefferson  Electric  Co.; 
Russell  E.  Cramer,  variable  ca¬ 
pacitors,  Radio  Condenser  Co.; 
H.  E.  Osmun,  variable  resistors, 
Centralab ;  Ray  F.  Sparrow,  vibra¬ 
tors,  P.  R.  Mallory  ft  Co.;  and 
R  G.  Zender,  wire,  Lenz  Electric 
Mfg.  Co. 


At  Webster  Products,  Chicago, 
111.,  R  J.  Keogh  joins  the  engi¬ 
neering  staff.  He  has  been  with 
Colonial  Radio  Corp.  in  a  similar 
capacity. 


A.  Warren  Norton,  new  president 
and  general  manager  of  Press 
Wireless,  Inc.,  was  previously 
manager  of  the  Christian  Science 
Publishing  Co.  He  succeeds  Joseph 
Pierson,  founder  and  former  presi¬ 
dent. 


Sylvania  Electric  Products  Inc. 
puts  Curtis  A.  Haines  in  charge  of 
plants  at  Mill  Hall  and  Altoona, 
Pa. ;  Huntington,  W.  Va. ;  and  Lex¬ 
ington,  Ky.,  as  general  manufac¬ 
turing  manager. 


American  Institute  of  Electrical 
Engineers  elects  to  presidency 


Charles  A.  >  Powel,  manager  of 
headquarters  engineering  at  West- 
inghouse  Electric  ft  Mfg.  Co.,  East 
Pittsburgh,  Pa.  His  predecessor 
was  Dr.  Nevin  E.  Funk. 


T.  H.  Mitchell,  lieutenant  colonel 
in  the  Army  Communications 
Service,  is  to  succeed  William  A. 
Winterbottom,  deceased  vice  presi¬ 
dent  and  general  manager  of  RCA 
Communications  Inc. 


At  Operadio  Mfg.  Co.,  St.  Charles, 
Ill.,  Harold  H.  Kingsbury  is  made 
production-control  manager  over 
the  company’s  three  plants  there. 


I 


Formerly  chief  of  the  audio  and 
industrial  section  of  the  radio  and 
radar  division  of  WPB,  Glenn  C. 
Henry  joins  the  sound  equipment 
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As  the  field  of  Electronics  broadens  and  new,  more  complex  Oscillators  to  test  wide  range  television  chansals,  new  high 
equipment  goes  into  service  the  need  for  more  accurate  test  frequency  signal  generators,  special  signal  genemoxs  for  F.  M. 
land  measuring  instruments  becomes  greater.  The  war  has  lent  use,  new  vacuum  tube  voltmeters . . .  ail  providing  split-hair 
impetus  to  the  progress  of  Elearonics  and  has  accordr  accuracy  for  more  exacting  measui!ements  and  con- 

pn^ly  accellerated  the  development  of  Electronic  instruments,  struaed  to  perform  in  the  field  under  circumstances  of  war,  are 
{Into  the  past  two  years  have  been  crowded  a  normal  ten  years  examples  which  merely  hint  of  the  better  things  to  come, 
pt  technological  progress.  engineering  is  at  your  service,  whether  your  preWem  is  im- 

Today  the  most  advance  developments  are  not  being  released  mediate  or  for  post-war.  Write  today,  M 

fi  r  general  use.  However,  today  is  not  too  soon  for  you  to  there  is  no  cost  or  obligation.  Direa 
^  e  your  plans  for  post-war  aaivity.  And,  along  that  line,  you  Canadian  inquiries  to  Atlas  Radio 
uld  make  note  oi  the  fiia  that  -hp-  engineering  is  in  the  Corporation,  560  King  Street  West, 

'vj  guard  of  electronic  instrument  developments.  Toronto  2,  Canada.  ^ 
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FRONICS 


LET’S  ALL  BACK  THE  ATTACK  — BUY  MORE  WAR  BONDS! 


section  of  Radio  Corp.  of  America 
where  he  will  have  responsibility- 
for  the  development  of  products 
and  services. 

Dr.  Edward  U.  Condon,  associate 
director  of  the  Westinghouse  re¬ 
search  laboratories  is  elected  to 
membership  in  the  National  Acad¬ 
emy  of  Sciences  for  his  work  in 


theoretical  physics.  His  best  known 
contribution  to  this  field  is  the 
.interpretation  of  spontaneous 
emission  of  alpha  particles  from 
materials  like  radium. 

John  Meek  Industries,  Plymouth, 
Ind^  has  for  chief  engineer 
Charles  R.  Wexler,  former  assist¬ 
ant  chief  engineer  at  Emerson 
Radio  &  Phonograph  Corp.,  and 


lYLaking  crystal  pickups  and  cartridges  has  made 
Webster  Electric  Company  outstanding  in  an  industry 
that  is  never  satisfied  .  .  .  always  striving  for  some¬ 
thing  new  .  .  .  something  better. 

Dreams  of  tomorrow,  like  gazing  into  crysted  balls, 
Webster  Electric  leaves  to  others.  Our  factories  are 
busy  with  developments  and  research  for  victory. 
We  need  no  crystal  ball  to  know  that  Webster  Elec¬ 
tric  will  be  ready  with  new  .  .  .  ever  better  .  .  .  crystal 
pickups  and  cartridges  to  give  even  greater  tone  per¬ 
fection  to  tomorrow's  radio-phonographs. 

When  the  day  comes  that  many  of  the  weapons  of 
today  become  the  everyday  conveniences  of  tomorrow, 
Webster  Electric's  skill  and  experience  will  bring  to 
the  owners  of  radio-phonograph  sets — to  manufac¬ 
turers,  radio  jobbers  and  dealers — new  meaning  in 
quality  of  tone  reproduction. 


C.  R.  W«d«r 


H.  B.  Dcnliis 


for  plant  manager  of  the  elec¬ 
tronic  division,  Homer  R  Dmius, 
previously  chief  production  engi¬ 
neer  for  the  radio  division  of 
Crosley  Corp. 

Communications  consultant  to  the 
Iranian  government  is  the  new 
post  of  James  A.  Mendenhall,  for¬ 
mer  consultant  and  liaison  official 
with  AAF.  He  will  have  head¬ 
quarters  at  Teheran. 

Edmund  A.  Laport  becomes  staff 
engineer  for  international  com¬ 
munications  systems  and  special 
apparatus  at  RCA  Victor  Div., 
Radio  Corp.  of  America,  Camden, 
N.  J.  His  former  position  of  chief 
engineer  for  engineering  products 
at  Canadian  RCA  Victor  Ltd.  is 
filled  by  James  R  Knox,  previously 
senior  engineer. 

For  distinguished  service  in  the 
application  of  electricity  to  air- 


(Lictnstd  under  patents  of  the  Brush  Ueeelopment  Company) 


WEBSTER  ELECTRIC  COMPANY,  Racin*.  Wisconsin,  U.  S.  A. 
Establishod  1909.  Export  Dopt.:  13  E.  40th  St.,  Now  York  (16),  N.  Y. 
Cablo  Addzoss:  "ARLAB”  Now  York  City 
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to  produce  and  deliver  promptly 


ELCO,  too,  awaits  the  go-ahead  sig¬ 
nal  to  start  producing  those  "battle; 
tested"  resistors  for  America's  new 
Electroilic  industries. 


Whatever  the  application — no  mat¬ 
ter  how  exacting  the  specifications 
— ELCO  will  deliver  resistors  as  you 
want  them— when  you  want  them. 


FOR  TODAY’S  WAR  REQUIREMENTS 
FOR  TOMORROW’S  PEACE  NEEDS 

specify  ELCO  ! 

-  SPECmCATIONS:  - 


15/32  long  x  Vi"  dia. — Mountable  with 
6-32  flat  OT  fileeter  ecrew.  No.  21  tinned 
copper  wire  lead*.  1  to  300.000  ohm 
value — V^%  etandoid  accuracy — non  in¬ 
ductive  pie  wound — Vi  watt,  30°  C.  tem¬ 
perature  rite  in  free  air — 100°  C.  maxi¬ 
mum  operating  temperature — 200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


"T"— 1-1/32  long  x  7/16*  dia. — Inductively 
wound — '/•  X  .015  strop  terminals — 35  to 
35,000  ohms — 2  watts.  100°  C.  maximum 
operoting  temperature — normol  accuracy 
1%.  Baked  vornish  finish. 

’M"— 1-13/32  long.  X  V.*  dia. — Mountable  with 
6-32  screw — '/g  x  .015  thick  strap  terminals 
— non  inductive  wound — 1  meg  ohm  max¬ 
imum  resistance — 600  volts  maximum  op¬ 
erating  voltage — 100°  C.  maximum  oper¬ 
ating  temperature — 1.5  watts — 1%  normal 
accuracy  Baked  varnish  finish. 

'G''— 15/32  long  x  Vi*  dia. — Mountable  with 
6-32  flat  or  filester  head  screw.  No.  21 
tinned  copper  wire  leads.  1  to  500,000 
ohm  value.  Vj*/.  standard  accuracy — 
non  inductive  pie  wound  .8  watts.  30° 
temperature  rise  in  free  air.  100°  C.  max¬ 
imum  operating  temperature.  200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


leer 
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’A-R"— Same  os  A-1.  with  leads  reversed. 


15/16  long  x  V:“  dia. — Mountable  with 
6-32  flat  or  filester  screw.  No.  21  tinned 
copper  wire  leads.  1  to  500.000  ohm 
value — '/’%  standard  accuracy — non  in¬ 
ductive  pie  wound— 1  watt,  30°  C.  tem¬ 
perature  rise  in  free  air — 100°  C.  maxi¬ 
mum  operating  temperature — 300  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


B-R"—  Same  as  B-1,  with  leads  reversed. 
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craft,  Richard  E.  Stowe,  manager 
of  the  Da3rton,  Ohio,  office,  is  given 
the  Order  of  Merit  by  his  company, 
Westinghouse  Electric  &  Mfg. 

From  International  Resistance 
Corp.,  where  he  was  vice  president 
and  works  manager,  Leslie  G. 


Thomas  goes  to  Bayonne,  N.  J.,  to 
be  works  manager  of  Solar  Mfg, 
Corp. 

John  J.  Farrell  is  appointed  engi¬ 
neer  of  the  transmitter  division  in 
the  electronic  department  of  Gen¬ 
eral  Electric  Co.,  Schenectady, 
N.  Y.  He  used  to  be  designing 
engineer  for  the  division. 

Vice  president  and  chief  engineer 
of  newly-formed  Madison  Electri¬ 
cal  Products  Corp.,  Madison,  N.  J., 
is  John  G.  Ruckelshaus,  who  has 
been  doing  development  work  for 
the  Signal  Corps.  Plant  super¬ 
vision  goes  to  A.  L.  Livera,  previ¬ 
ously  assistant  chief  engineer  at 
Hardwick-Hindle  Co. 

John  B.  Huarisa  becomes  execu¬ 
tive  vice  president  in  charge  of 
production  and  engineering  for  all 
divisions  of  Admiral  Corp.  Chi¬ 
cago,  Ill.  Vice  president  in  charge 
of  the  radio  division  is  former  mid¬ 
west  manager,  Richard  A.  Graver. 

From  the  WPB  office  of  civilian 
requirements,  Charles  L.  Saun¬ 
ders  goes  to  Wheelco  Instruments 
Co.  to  be  vice  president.  He  was 
previously  with  Minneapolis- 
Honeywell  Regulator  Co.  in  a  cor¬ 
responding  post. 

Elections  of  new  chairmen  in  the 
divisions  of  RMA  include:  E.  A. 
Nicholas  of  Farnsworth  Television 
&  Radio  Corp.  to  replace  R.  C.  Cos¬ 
grove  in  the  set  division ;  David  T. 
Schultz  of  Raytheon  Mfg.  Co.  to 
replace  M.  F.  Balcom  in  the  tube 
division;  and  C.  J.  Burnside  of 
Westinghouse  to  replace  George 
W.  Henyan  in  the  transmitter 
division. 


OTHIH 


KINNEY  Compound  Dry  Vacuum  Pumps  do  a  hand-painted  job  in  creating 
and  maintaining  low  absolute  pressures  aown  to  half  a  micron  (0.0000097  lbs. 
per  sq.  in.  absolute)!  This  reliable  performance  speeds  production  and  reduces 
the  percentage  of  rejections  in  the  manufacture  of  lamps,  tubes  and  other 
electronic  products.  Where  the  pump  is  working  on  a  new  lamp  or  tube  every 
few  seconds,  the  high  recovery  speed 

and  exceptional  ultimate  vacuum  pro-  ^ 

duced  make  KINNEY  Pumps  the  choice  I  ^ 

Thoroughly  tested  in  years  of  serv- 

ice,  KINNEY  Compouna  Dry  Vacuum  t  f 

Pumps^roduce  extremely  low  pressures  V] 

For  the  next  higher  range  of  abso- 
lute  pressures,  KINNEY  Single  Stage 
Vacuum  Pumps  are  available  in  8  sizes, 
designed  to  work  at  absolute  pressures 

W*  also  manufcKtyr*  Vacuum  Tiqht  Valves,  Liquid  i 

Pumps,  Clutckos  aud  BItumiuous  Distributors. 


Im  I  I V  I V  k  I  3565  Washington  St..  Boston 30,  Mass. 

NEW  YORK  CHICAGO  PHILADELPHIA  LOS  ANGELES  SAN  FRANCISCO 
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Federal  manufacturing  and  Engineering  Carp 

Manufacturers  of  Federal  Photographic  Equipment  and  Federal  Electronic  Devices 

BROOKLVn  5  nElU  VORK 


A  PRECISION  LABORATORY  INSTRUMENT 


Carefully  and  difficultly  acquired  experience  enabled  f«<forof  to^ 
produce  more  Ultra  High  Frequency  Test  Signal  Generators  then 
were  ever  thought  possible>-and  quickly,  too. 

Breaking  the  tightness  of  demand  by  the  Army  and  Navy,  these  high 
quality  laboratory  precision  instruments  are  available  to  research 
laboratories  and  industrial  manufacturers  engaged  in  the  productioa 
of  electronic  equipment. 

Your  inquiries  are  invited. 

CARRIER  FREQUENCY  RANGE:  7.6  to  330  megacycles  plus  or 
minus  2%,  direct-reading  in  5  bands,  6th  band  available  for  use  with 
blank  coil  form  supplied. 

OUTPUT  VOLTAGE  RANGE:  Calibrated  Attenuator  continuously 
variable  from  1  to  20,000  microvolts,  accuracy  plus  or  minus  10%. 

MODULATION:  Internal  Modulation  1,000  cycles;  external  modu¬ 
lation  up  to  20,000  cycles;  0  to  60%  direct-reading  modulation  meter. 

STRAY  FIELD  LEAKAGE:  Held  to  a  minimum  by  Improved  shielding 
and  R.F.  RIters. 


ince 

lent 


U.  H.  F. 

SIGNAL 

GENERATOR 

e 

MODELS 

804-CSI 


Gen- 
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rning 


VIDEO  OR  PULSE  MODULATION:  Can  be  pulse  modulated  ex- 
ternally  with  signals  having  very  steep  wave  fronts. 

VOLTAGE  REGULATED  POWER  SUPPLY:  115  or  230  voHs,  40  to 
60  cycles,  single-phase.  * 


FOR  MORE  DETAILED  INFOR¬ 
MATION  WRITE  TO  DEPT.  E-9 


ineer 
ectri- 
N.  J., 
)  has 
k  for 
,uper- 
previ- 
ser  at 


Manufactured  by  arrangement  with  the  General  Radio  Company  of  Cambridge.  Mossachu- 
setts,  and  in  accordance  with  their  designs. 


PRICE 

*35000 

F.O.S.  FACTORY 
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FOR  THE  FOURTH  TIME 


BACK  THE 
INVASION 


KEEP  BUYING 
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MORE  WAR  BONDS 
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300  WATTS 


max  AMnl/fj^g 
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HARDWICK,  HINDLE  PRODUCTS 
ARE  SUBJECT  TO 
HIGH  PRIORITY  RATINGS 


Broadcast 
Relay  System 

(Continued  from  page  97) 

future  units  will  be  equipped  with  a 
readily  removable  loudspeaker  unit 
and  an  additional  volume-indicator 
meter;  This  extension  nnjt  could 
then  be  mounted  at  a  ^int  some¬ 
what  remote  from  the  transmitter 
and  convenient  to  the  operator 
where  he  could  control  the  level  of 
the  monitor  speaker  or  switch  over 
to  the  meter  alone  if  answering  the 
telephone,  handling  telegrams  or 
conducting  other  business. 

The  twelve  units  now  in  opera¬ 
tion  have  exceeded  expectations  in 
regard  to  coverage  and  very  little 
time  has  been  lost  due  to  tube  and 
equipment  failure.  When  the  sug¬ 
gested  conversions  have  been  made 
•the  time  lost  due  to  equipment  and 
tube  failures  will  be  further  re¬ 
duced  and  should  not  exceed  two  to 
three  hours  per  unit  per  year. 

The  idea  of  serving  remote  listen¬ 
ers  by  means  of  a  number  of  small 
transmitters  was  originally  con¬ 
ceived  by  the  CBC’s  chief  engineer, 
Mr.  G.  W.  Olive.  Co-operating  with 
the  author  in  the  development  of 
the  project  were  Messrs.  J.  A.  Oui- 
met,  H.  M.  Smith,  W.  G.  Richardson 
and  R.  D.  Cahoon  of  the  CBC’s 
Engineering  Divisioli. 


BRITISH 

COMMUNICATIONS 


Like  many  other  fine  products,  they 
are  subject  also  to  first  call  by  Uncle 
Sam. 

We  are  proud  of  the  service  they  are 
performing  in  so  many  defense  jobs. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

DIVISION  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTABLISHED  1B86 

Newark  5,  N.  J.,  U.  S.  A. 


Shown  oboTO  i>  a  new  station  of  Royal 
Signals,  the  British  Army  unit  that  pro 
Tides  radio  communication  between  the 
War  Office  and  war  theaters.  The 
operating  staff  is  located  in  London  and 
the  transmitters  are  keyed  by  audio 
tone  signals  OTer  land  lines  to  the 
stations 
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The  PTL-lOX  is  a  highly  efficient  medium- 
frequency  mobile  transmitter.  It  provides 
communication  from  a  moving  vehicle  over 
distances  ranging  from  50  to  75  miles  when 
used  with  AUTO- LOAD  self-loading  antenna. 
The  "Push -to -Talk”  button  on  the  micro- 

rthone  completely  controls  the  transmitter, 
ighting  the  instant  heating  tubes,  starting 
the  power  supply,  automatically  silencing  the 
receiver,  and  switching  the  antenna  to  the 
transmitter.  The  standby  current  is  zero. 

Models  for  special  applications  are  avail¬ 
able,  including  the  PTL-22X  medium  fre- 
ouency  transmitter  with  22  watts  output,  and 
the  PTS-22X,  a  22  watt  transmitter  for  opera¬ 
tion  in  the  30-40  MC  band. 

^  KAAR  AUTO-LOAD  ANTENNA 

This  antenna,  with  matching  coil  in  the  base, 
is  designed  for  use  with  the  PTL-lOX  (or  with 
similar  medium  frequency  transmitting  equip¬ 
ment)  and  matches  the  72  ohm  transmission 
line  from  the  transmitter  and  receiver  with¬ 
out  auxiliary  tuning  equipment.  It  provides 
an  efficient  method  of  obtaining  maximum 
signal  strength  at  medium  frequencies  with  a 
short  antenna.  It  can  be  quickly  installed  on 
the  rear  bumper  or  on  the  side  of  any  vehicle. 

*Stecia/  ranges  It  7000  KC  atailaHt  tn  spttial  trJer 


The  popular  llX  receiver  is  a  crystal  con¬ 
trolled  superheterodyne  for  mounting  in  an 
automobile  or  other  vehicle.  It  contains  a 
no- signal  squelch  circuit,  and  is  designed  for 
commercial,  civil,  and  military  applications. 

This  receiver  offers  remarkable  accessibility. 
The  top  is  removed  by  simply  pushing  aside 
two  snap  catches,  or  the  entire  receiver  can  be 
whisked  out  of  the  vehicle  by  releasing  only 
four  catches. 

KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 


Manufacturer*  of  high  grad*  mebila  and  central 
station  RADIOTELEPHONE  EQUIPMENT  •  POWER 
PACKS  •  CRYSTALS  •  VARIABLE  CONDENSERS 
MICROPHONES  •  AUTO-LOAD  ANTENNAS 

Export  Agontt:  FRAZAR  A  HANSEN,  301  Cloy  St. 
San  Francisco  11,  California,  U.S.  A. 
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1]R3(^  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS'*  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

89  Broad  5t,,  New  York,  U.  S.  A,  Cob/e.  Aunemo,  New  York 


fxporf:  Ad  Ai/riema, 


TYPICAL  PERFORMAMCE 


Microwaves 

(Continued  from  page  115) 

on  the  transplantable  sarcoma  of 
the  mouse. 

Out  of  a  total  of  43  white  mice  of 
mixed’strain,  inoculated  with  A.  8C., 
28  mice  were  treated  against  15 
kept  as  control.  The  mice  were  ir¬ 
radiated  on  the  whole  body  as  they 
moved  freely  inside  a  jar  positioned 
under  the  radiant  unit.  Out  of  the 
28,  18  mice  recovered,  indicating 
after  the  third  application  of  the 
rays  a  reduced  activity  with  in¬ 
creasing  hardness  and  dryness  of 
the  sarcoma,  which  at  the  end  al¬ 
ways  fell  from  the  body  of  the 
mouse  as  an  ordinary  scab.  The 
balance  of  10  mice  died. 

Interesting  is  the  fact  that  the 
dessication  occurred  without  any 
apparent  thermal  effect  outside  or 
inside  the  mouse’s  body.  Out  of  the 
15  control  mice,  13  died  and  2  recov¬ 
ered  although,  in  the  latter  ones, 
the  tumor,  growing  smaller  and 
smaller,  continued  to  remain  soft 
and  active  until  reabsorbed.  Due 
to  the  war  emergency  in  June,  1941 
the  experiments  had  to  be  discon¬ 
tinued. 

The  author  wants  to  thank  Dr. 
Walter  Toscanini  and  his  friends 
who  financed  the  construction  of 
the  apparatus;  Dr.  Lenz,  former 
Chief  of  the  Division  of  Cancer, 
New  York  City,  who  supplied  the 
mice  and  the  laboratory  facilities; 
Dr.  DeGregorio,  also  formerly 


CARDIOGUAPH 


The  diagnosis  of  a  healthy 

dynamotor  furnishes  the  data  for  proving  or  improving  the 
fine  points  of  performance.  Beginning  with  laboratory 
development,  and  through  the  various  stages  of  production, 
performance  analysis  shows  our  engineers  just  how  closely 
design  and  actual  functioning  are  coordinated  to  meet 
precise  specifications. 

The  performance  curves  we 

supply  the  many  organizations  using  Eicor  products  play  an 
important  part  in  establishing  dynamotor  requirements.  In 
the  field  of  electronics,  engineers  find  these  charts  extremely 
useful  in  determining  such  factors  as  efficiency  and  voltage 
regulation  at  the  various  points  of  power  output  which  are 
characteristic  of  a  given  design.  With  operating  details  of 
their  electronic  apparatus  established,  this  graphic  presen¬ 
tation  of  performance  shows  how  the  dynamotor  is  affected 
by  varying  conditions  of  load.  Illustrated  are  the  perfor¬ 
mance  characteristics  of  an  exceptionally  compact  perma¬ 
nent  magnet  field  14  volt  dynamotor,  rectangular  in  shape. 

Eicor  manufactures  many  types 
of  dynamotors,  motors,  and  like  equipment.  In 
each  design,  our  performance  tests  are  con-  l^ll 

sidered  complete  only  after  months  or  years  of  1^ 

actual  service  have  proved  the  quality  of  the  ^ 

units.  That’s  another  reason  why  Eicor  products  .  ^ 

are  so  frequently  specified.  & 


der  Phygik  und 


IN  lOIfS,  the  Signal  Corps  purchased 
ten  times  the  dollar  value  of  com¬ 
munications  equipment  sold  in  this 
country  in  19^0. 
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C H E R RY  RIVETING 

^  ^  optima,  ioo 


The  high  resistance  to  shear  and  fatigue  found  in 
the  self-plugging  Cherry  Rivet  is  due  to  the  Cherry 
principle  of  application  — shank  expansion. 

The  stem  pulled  into  shank  in  the  upsetting  action, 
I  I  forces  the  sides 


of  the  rivet  into 
the  material  that 
is  fastened.  This, 


for  practical  purposes,  forms  a  tight,  solid  rivet  that 
stays  firm  even  under  excessive  strain  and  vibration. 

No  special  locking  device  is  required. 

Cherry  rivets  have,  for  blind  rivets,  wide  tolerance 
in  hole  size  and  grip  length.  The  patented  'pull  head' 
on  the  Cherry  Rivet  stem  gives  a  positive  grip  for 
the  tool,  makes  it  fast  and  easy  to  insert,  keeps  the 
rivet  parts  correctly  assembled  at  all  times. 


CHERRY  RIVETS,  THEIR  MANUFACTURE  AND  APPUCATION  ARE  COVERED  BY  U.  S.  PATBfrS  ISSUED  AND  PENDING 


EnlargaJ  taction  of  ifom 
•xpandi  rivat  ihanir 


If  you  are  inferetfed  in  making  tough  jobs  easier 
get  the  Cherry  Rivet  Handbook.  (Ask  for  A-43.) 
It  may  point  the  way  to  time  and  money  saving 
in  your  plant.  Address  your  request  to  Department 
A- 1 20,  Cherry  Rivet  Company,  231  Winston  Street, 
los  Angeles  13,  California. 


uimu 


ANGELES,  CALIFORNIA 


ELECTRONICS  — September  1^44 


Petroleum 

Research 

{Continued  from  page  140) 

recently  it  has  been  shown  that  if 
styrene  or  conjugated  diolefins  are 
removed,  the  analysis  can  be  made 
on  the  total  octane  cuL^  (260-296 
deg  F). 

Absorptions  in  this  wavelength 
region  are  caused  by  electronic 
transitions  related  to  the  resonat¬ 
ing  groups  within  the  molecule.  In 
aromatic  compounds  with  aliphatic 
side  chains  these  resonating  groups 
are  in  the  nucleus  or  ring  portion 
of  the  molecule.  Thus,  altering  the 
position  of  the  side  chain  on  the 
ring  (o-,  m-  and  p-xylenes)  or 
adding  side  chains  (toluene  is  ben¬ 
zene  plus  a  methyl  group)  usually 
causes  a  marked  difference  in  the 
’ultraviolet  absorption  spectrum. 
But  increasing  the  length  of  the 
side  chain  has  less  effect  upon  the 
spectrum. 

For  analysis,  a  weighted  quan¬ 
tity  of  sample  is  diluted  with  a  non¬ 
absorbing  solvent  such  as  isooctane 
and  placed  in  an  absorption  cell 
with  quartz  windows.  Ultraviolet 
light,  preferably  from  a  continuous 
source  such  as  a  hydrogen  lamp,  is 
passed  through  the  sample  cell,  dis¬ 
persed  by  a  quartz  prism,  and  the 
resulting  spectrum  examined  to  de¬ 
termine  regions  of  absorption." 

The  spectrum  may  be  photo¬ 
graphed,  but  small  ultraviolet  mon¬ 
ochromators  are  available  which 
detect  and  measure  the  spectrum 
by  means  of  phototubes.  These  are 
preferred  for  routine  analysis  for 
several  reasons.  First,  photography 
and  all  its  accompanying  equip¬ 
ment  and  trouble  is  eliminated.  The 
phototubes  measure  the  intensity 
of  the  ultraviolet  light  directly. 
Secondly,  once  a  method  is  devised 
for  a  given  analysis,  it  is  usually 
not  necessary  to  examine  the  whole 
spectrum  but  merely  necessary  to 
measure  the  transmission  at  a  few 
specific  wavelengths.  The  photo¬ 
electric  instrument  may  be  faster 
in  such  cases. 


D  ELICATE  radio  devices  are  receiving  rigid,  com¬ 
mando  conditioning  at  Pacific  Division’s  Radio 
Development  Laboratory.  This  equipment,  too,  must 
be  ready  to  take  terrific  punishment  under  the  worst 
fighting  conditions.  To  make  dead  sure  that  it  can 
take  it,  radio  apparatus  is  subjected  to  long  gruelling 
tests  on  powerful  vibrating  machines  which  simulate 
actual  airplane  engines  flying  at  top  speed.  Only  until 
it  can  complete  these  conditioning  courses  with  colors 
flying,  is  this  equipment  ready  for  "combat  duty”. 

This  attention  to  detail  in  perfecting  lightweight, 
durable  and  reliable  radio  equipment  has  been  the  aim 
of  the  Radio  Laboratory’s  engineers,  and  the  products 
they  have  developed  are  distinguishing  themselves 
under  fire  as  notably  as  the  men  who  rely  on  them. 


O  1M4.  PaciAcDivUioo,  Bradix  Aviation  Corp. 


Emission  Spoctroscepy 

The  region  from  about  10  to 
2,000  Angstroms  in  the  electromag¬ 
netic  spectrum  is  not  of  industrial 
importance  at  present  largely  be¬ 
cause  of  experimental  difficulties. 
In  this  region  air,  quartz,  and  even 


r^aci^ic  i^iyiston 

'Aviation  Corporation 

MOmTM  MOLirWOOO,  CAl/f. 
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MODEL 

1700-UB 


EARLY  COMMUNICATIONS  BY  AIR 


^OiEICN  DIVJ$ION:  301  CUT  STREH,  SAN  FRANCISCO  11,  CALIFORNIA  ••  CANADIAN  DIVISION:  SAD  KING  STREET  WEST,  TORONTO  1,  ONTARIO,  CANADA 


While  electronics  use  the  ether  and  other  media,  one  of  the  most  speedy 
methods  of  communications  in  the  early  days  was  through  the  air  by 
carrier  pigeon.  With  a  finely  printed  note  fastened  to  the  leg,  these  birds 
faithfully  reached  home  to  bring  in  the  latest  news  events  and  stock 
market  reports. 

Today  news  commentary  reaches  into  your  homes  in  a  flash  of  a  second 
via  electronic  voice  communications  making  use  of  the  various  types  ol 
Universal  broadcast  microphones.  This  being  a  modem  age,  the  battk 
front  is  brought  into  the  homes  of  the  informed  peoples  of  the  democ¬ 
racies  via  military  microphones  such  as  those  now  being  manufactured 
by  Universal  for  the  Allied  Armed  Forces. 
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History  of  Communications  Number  Seven  of  a  Series 


<  Model  1700-UB,  illustrated  at  left,  is  but  one 
of  several  military  type  microphones  now  avail¬ 
able  to  priority  users  through  local  radio  jobbers. 


UNIVERSAL  MICROPHONE  COMPANYf  n, 

INGLEWOOD,  CALIFORNIA 


B  help 

SMIlHGS  In 


lime  and  costs 
do  U  <or  you,  ioo. 


weijM,  assembly 
and  how  we  can 


PAPER  MANUFACTURING  COMPANY 
MANCHESTER.  CONNECTICUT 


The  piece  of  paper  that  improved  automotive  type  maanetoa. 

Engineers  at  Wico  Electric  Com-  tions,  or  send  blueprints  and  specifica- 

pany,  West  Springfield,  Mass.,  con-  tions  for  pricing,  or  have  a  Rogers  en- 

ceived  this  ingenious  part  to  replace  gineer  call  on  you.  Contact  the  Fabri- 

a  gasket  and  a  metal  dustcover  on  eating  Division,  Rogers  Paper  Manu- 

one  of  their  automotive  type  magne-  factoring  Co.,  .107  Mill  Street,  Man- 

tos.  Insulating  properties  of  the  Chester,  Conn.  Telephone:  Manchester 

material*  eliminate  arcing,  it  is  lighter  5163 

than  the  metal  replaced,  and  it  is  g,  . 

readily  formed  and  punched  in  two  3  ’ 

fabricating  steps,  resulting  in  an  ac-  | 

curate,  tough,  one-piece  component  ;  Xt 

for  quick  assembly.  new  cotton  fibenudehemicmlly  purified  wood 

Rogers  familiarity  with  fibrous  i  »>«lp  o*  iu  propertk*  include:  ! 
materials,  dating  back  to  1832,  makes  |  «Typic*l  ' 

Rogers  a  nature  fabricator  as  well  as  i  .  i 

manufacturer  of  such  materials.  I  1^1.®  .  i  M 

WICO  recognized  this  and  had  Rogers  f  TeSle!»SigmS^.i  '  *5.4M  ; 

do  the  job.  K  Elongntion,  panllel  pmin — %  7.8 

We  have  many  standard  dies  and  535  s 

are  equipped  to  make  rectangles,  g  Dieiectrie-VPM  532  ^ 

squares,  rings,  discs,  etc.  from  any  S  Tew,  pnrellel  gm».  j.^  ^ 

fibrous  material  you  specify,  in  huge  |  Jew.  croe.  gr«n-*n».  1.^  j 

quantities  -  quickly.  ? 

be  planninfT  a  new  material, 

But  we  are  especially  interested  in  ^  Rogen  can,  with  a  toui  of  25  ibn.  of  ail 

fabricating  your  intricate^  close-toler-  U  materials  involved,  produce  within  48  hours 

a„ceiMuts,W,  are  equipped  W  handle  t  j 

tnetn  with  an  extensive  tool  and  ^  sible  with  glass  fibers,  leather,  asphalt,  ss- 

die  shop,  complete  testing  laboratory  J  beatos,  lignin,  rubber,  p^nolka,  urcM,  cork.  ^ 

facilities,  and  a  capable  engineering  %  mat^  that  will  go  ^ 

staff  ^  ^  through  a  water  proceae  and  a  papcc  naacbme.  j 

Ask  for  samples  of  Rogers  fabrics- 


the  gelatin  in  photographic  plates 
absorbs  the  radiation.  However, 
the  spectrum  from  2,000  Angstroms 
through  the  visible  region  (roughly 
4,000  to  8,000  A)  up  to  12,000  Ang¬ 
stroms  can  be  recorded  on  photo¬ 
graphic  plates.  Many  years  ago, 
phenomena  observed  in  this  regior: 
formed  the  basis  for  the  interpre¬ 
tation  of  modern  atomic  theory. 

Everyone  is  familiar  with  the 
rainbow.  This  visible  spectrum 
(the  separation  of  white  light  into 
its  component  colors) ,  which  in  the 
case  of  the  rainbow  is  produced  by 
water  droplets  in  the  sky,  is  more 
readily  produced  in  the  laboratory 
by  means  of  prisms  or  finely  ruled 
gratings.  The  spectrum  also  con¬ 
tains  light  invisible  to  the  eye. 

One  commercial  emission  spectro¬ 
graph,  in  use  in  the  Socony-Vacuum 
.laboratories,  uses  a  prism  to  sep¬ 
arate  the  ultraviolet,  visible  and 
near  infrared  (2,000  to  10,000  A) 
into  component  wavelengths.  The 
prism  used  most  frequently  is  of 
quartz  and  gives  high  dispersion 
(wavelength  separation)  in  the  ul¬ 
traviolet.  A  glass  prism  may  be 
substituted  for  the  quartz  to  in¬ 
crease  the  dispersion  in  the  visible 
and  near-infrared  regions.  Some 
investigators  prefer  instruments 
which  use  finely  ruled  gratings  as 
the  diffracting  medium.  The  dis¬ 
persion  of  grating  instruments  does 
not  vary  with  wavelength. 

If  an  unknown  sample  is  burned 
and  the  light  given  off  analyzed  by 
a  spectrograph,  the  elements  pres¬ 
ent  in  the  sample  can  be  determined. 
Under  proper  conditions,  atoms  of 
any  element  will  emit  characteristic 
light.  Such  light  is  emitted  when 
the  outer  electrons  of  an  atom  are 
disturbed  or  made  to  change  en¬ 
ergy  levels.  The  metallic  and  metal¬ 
loid  elements  can  be  readily  excited 
by  thermal  energy  supplied  by  a 
flame,  arc,  or  spark.  The  non- 
metallic  elements  are  more  difficult 
to  excite.  Spectra  or  characteristic 
light  of  the  non-metals  is  usually 
excited  by  ionization  in  a  gaseous 
discharge. 

Industrially,  then,  emission  spec- 
trography  is  primarily  useful  for 
the  exact  and  infallible  identifica¬ 
tion  of  the  metals  and  metalloids 
(phosphorus,  arsenic,  antimony 
and  bismuth).  It  is  especially  use¬ 
ful  in  the  determination  of  these 
elements  w’here  they  may  be  present 
in  very  low  concentrations.  Most  of 
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ELI 


—  over  two  critical  ranges:  20  to  100  cycles;  4,000  to  10,000 
cycles  with  an  available  boost  of  0  to  20  db. 

Unlimited  frecjuency  selection  —  an  unusual  operational 
advantage  offered  by  the  equalizer  unit  of  the  Fairchild 
Amplifier-Equalizer  —  compensates  for  brilliance-loss  at  the 
slower  33.3  speed  and  for  response-deficiencies  of  cutterhead, 
disc  material,  pickup,  or  speaker  by  electronically  boosting  the 
higher  frequencies  from  4,000  on  up  to  10,000  cycles  —  with 
a  negligible  effect  on  volume  and  without  loss  in  the  bass. 

With  a  Fairchild  Amplifier-Equalizer  and  two  No.  539 
Fairchild  Recorders,  it  is  possible  to  record  or  play  back 
continuously;  to  make  duplicate  records;  or  to  "dub”  from 


one  table  to  the  other.  Wherever  extreme  flexibility,  low  noise 
level,  low  distortion  content  and  fine  frequency  response  are 
professional  requirements,  the  one  answer  is  the  Fairchild 
Amplifier-Equalizer. 

All  Fairchild  sound  instruments  are  built  to  meet  the  ex¬ 
acting  professional  requirements  of  the  radio  and  communi¬ 
cations  fields.  To  electronic  skill  Fairchild  has  added  the  plus 
of  exceptional  mechanical  skill  —  skill  long  practised  in 
.0002"'  tolerance  production  of  aerial  and  gun  cameras,  and 
aircraft  computing  gunsights. 

Descriptive  and  priority  data  are  available. 


Neu’  York  Office:  4~5  Tenth  Avenue,  New  York  18,  N.  Y 


88-06  Van  Wyck  Boulevard,  Jamaica  1,  N.  Y 
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SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  STATIONARY  CONTACTS 


the  metallic  elements  can  be  posi¬ 
tively  and  readily  detected  when 
present  at  only  a  few  parts  per  mil¬ 
lion  of  the  total  sample.  Elements 
which  are  difficult  to  identify 
uniquely  by  chemical  means,  as  for 
example  the  alkali  elements,  are 
easily .  distinguished  speetographi- 
cally.  It  has  been  stated  that  no 
metal  has  ever  been  made  so  pure 
that  the  spectrograph  could  not 
find  impurities  present. 

Quantitative  analyses  for  the 
metals  and  metalloids  can  be  made 
by  spectrographic  methods**'  **■  **. 
The  sample  is  burned,  the  spectrum 
recorded,  and  the  photograph  de¬ 
veloped  under  rigorously  controlled 
conditions.  The  optical  density  of 
chosen  lines  is  measured  on  a  mi¬ 
crophotometer  and  compared  with 
those  from  known  samples  of  ap¬ 
proximately  the  same  composition. 

To  summarize,  if  samples  are  of 
a  kind  that  must  be  burned  in  a  di¬ 
rect-current  arc,  then  the  quantita¬ 
tive  accuracy  will  probably  not  ex¬ 
ceed  lirlO  percent  of  the  amount  of 
the  element  present.  For  example, 
if  magnesium  were  present  in  a 
clay  catalyst  at  10  percent,  spectro¬ 
graphic  methods  would  report  it 
as  10  ±  1  percent  at  best.  However, 
if  it  were  present  at  0.01  percent  it 
might  be  reported  as  0.010  0.001 

percent. 

Quantitative  spectrographic  meth¬ 
ods  are  especially  useful  to  deter¬ 
mine  metallic  elements  in  low  con¬ 
centration,  where  the  accuracy  of 
the  spectrographic  method  usually 
exceeds  other  analytical  methods. 
If  a  large  number  of  analyses  of  a 
given  kind  are  to  be  made,  then 
spectrographic  methods  are  rapid 
and  time  saving. 

Certain  metallurgical  analyses 
are  made  spectrographically 
wherein  the  sample  is  burned  in  a 
carefully  controlled  spark  source. 
The  analytical  results  often  equal, 
or  are  better  than,  those  obtained 
by  wet  chemical  methods  and  the 
time  saved  by  the  spectrographic 
method  is  almost  unbelievable.  Al¬ 
loy  steels  have  been  analyzed  to  de¬ 
termine  the  concentration  of  some 
six  elements  and  the  results  re¬ 
ported  within  a  quarter  of  an  hour 
after  the  sample  is  received. 

X-Ray  DifFractioB 

X-ray  diffraction  provides  a 
means  for  the  unique  identification 
of  crystalline  materials.  Just  as  a 


Muyol  Aa*rlea*s  »o«t  important 

finM  ia  Radio,  Eloetronica,  Air* 

etaft.Tolopkoaa,Comatanica* 

ttOM  fiolds  aro  iaeludad 

among  ULNOR'S 

•ATISriED 

USERS 


DHflciiK  Placas  Easy  to  Soldor 

witk  tpaeially  daaignad  . . .  light  but 
strong,  waldad  eonstmetion,  praeision 
built  KELNORI  "Barral"  of  KELNOR 
3%"  long,  %'*  diamatar,  10"  oaarall 
laagtb.  Each  of  tbraa  EELNOR  mod* 
•{•...eS  watts,  100  watts,  125  watts... 
WEIGHS  ONLY  8  OUNCES 


RRIDQET  RADIOS:  In  crampad  spaea  EELNOR  affactiaaly 
raaehaa  condansars  and  wiring  without  dangar  of  buruiag 
insulation.  Connactions  at  bottom  of  coils  can  ba  soldarad 
from  tha  top,  aliminating  possibility  of  malting  wan,  aspa* 
daily  important  in  tha  easa  of  oscillator  coil. 

CHASSIS  WORK:  EELNOR  can  ba  dippad  into  chassis 
and  turned  up  at  any  angle,  making  thosa  awkward  conaao* 
tions  without  striking  edge  of  chassis.  No  naad  to  ramoua 
top  wiring  or  condansars. 

RELAY  RACKS:  Joints  can  ba  soldarad  from  side  or  back 
without  loosaning  mounting  bolts.  EELNOR  can  reach  over 
lop  of  relay. 


8p»eial  KELNOR  Alloy 
^tmndablo,  Corrotivo* 
Rotiatant  Tip 

riHH  completaly  Iti rough  canter  of 
barral.  Tip  can  ba  axtandad  3W* 
la  raoch  eul-of*lha*way  placas. 


PENCIL  TIP 
(3/l6"xSV4")  for  Wire  Soldering 


APPROVED  BY  UNDERWRITERS  LABORATORIES 
Order  from  your  JOBBER.  For  more  facts,  prices,  write  Nafl 
Salas  Agent,  Wm.  Weston  &  Co.,  550  Page,  San  Frandsoo  17 
OR 


PYRAMID  TIP 

(%'  'dia.  head)  for  Nata  Soldering 


For  Positive  Operation  of  Electrical  Brushes  and  Contacts 


USE  SILVER  GRAPHALLOY 


Silver  Grophalloy  works  in  extremes  of 
heat  and  cold.  It  it  o  molded  graphite 
impregnated  with  pure  silver,  a  highly- 
efRcient  conductor  that  it  self*lubricat- 
ing  and  extremely 
durable.  Used  in 
gun  fire  control,  ro- 
dar,  slip-ring,  instru- 
ment  applications, 
and  many  others. 


Silver  Grophalloy  brushes  have  high  cur¬ 
rent  capacity,  low  contact  drop,  and  low 
electrical  noise.  Silver  Grophalloy  contacts 
have  low  contact  resistance  and  will  not 
weld  when  subjected  to  surge  currents. 

Silver  Grophalloy  is  furnished  silver-ploted 
for  soldering  to  springs  or  holders. 

Investigate  the  superior  qualities  of  Silver 
Grophalloy.  Make  if  o  silver  job. 


TRADE 
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This  unretouched  photomicrograph,  approximately 
50  times  actual  size,  shows  pretty  clearly  what  we 
mean  by  the  value  of  experience,  when  it  comes  to  the 
making  of  electrical  instruments  and  testing  equipment 

Pivots  play  an  important  part  in  determining  an  in 
stniment's  life  and  accuracy.  In  the  Simpson-made  pivot 
above,  you  have  what  is  truly  a  masterpiece  of  its  kind 
.  .  .  perfect  in  contour  ...  all  surfaces  brilliantly  pol 
ished  to  prevent  rusting  .  .  .  rounded  end  properly  cor 
related  with  radius  of  jewel  to  minimize  friction  and 
withstand  vibration  and  shock  .  .  .  heat-treated  for  an 
unusual  combination  of  strength  and  hardness. 

The  obvious  explanation  foe.  this  excellence  rests  in 
the  fact  that  Simpson  employs  some  processes  others  do 
not,  and  safeguards  every  step  of  manufacture  by  the 
finest  and  most  complete  control  modern  science  can 
provide.  But  in  the  final  analysis,  it  is  only  Simpson’s 
long  experience  which  makes  such  a  pivot  possible. 

That  experience  reaches  back  more  than  30  years 
From  it  has  come  new  shortcuts  in  manufacture,  new 
refinements  in  design,  which  today  permit  Simpson  to 
make  "instruments  that  stay  accurate"  in  greater  volume 
than  ever  before.  From  this  long  specialization  has  come 
too  a  sound  basis  for  further  advance;  in  your  postwar 
Simpson  Instruments  you  will  see  still  more  forcefully 
the  value  of  this  experience. 


DRAKE  MANUFACTURING.  CO 


1713  WEST  HUBBARD  ST.,  C 


ICAGO  22,  -U.S.  A 


WIRE  COMPANY 


15  Park  Row.  New  York  City.  New  York 


DIAL  IIGIT  ASSEMBLIES  Will 
NON-SNORTINB  TERMINALS 


Drake  no.  500  and  No.  700 
Series  Dial  Light  Assemblies 
are  made  with  insulated  lead  wire 
of  -any  length  from  to  4  feet. 
These  are  underwriters  approved, 
non-shorting  assemblies  .  .  .  the 
No.  500  for  AODC,  the  No.  700 
for  ■  AC  Receivers.  All  other 
Drake  Assemblies  are  also 
sturdily  built  for  long  depend¬ 
able  service,  and  can  be  equipped 
with  special  non-shorting  ter¬ 
minals  on  request.  As  world’s 
largest  exclusive  producer  of  Dial 
and  Jewel  Light  Assemblies,  quick 
shipments  in  any  qi^ntity  are 
assured.  Do  you  have  our  newest 
catalog? 


i 


I 
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human  fingerprint  serves  to  iden¬ 
tify  a  particular  person,  an  x-ray 
diffraction  pattern  is  a  fingerprint 
of  a  crystalline  material.  This  is 
possible  because  the  distance  be¬ 
tween  the  atomic  building  blocks  in 
crystalline  materials  is  of  the  same 
order  of  magnitude  as  the  distance 
between  wave  crests  in  an  x-ray 
beam.  Thus  the  atomic  building 
blocks  can  act  as  diffraction  centers 
and  the  crystalline  material  as  a 
diffraction  grating  for  an  x-ray 
beam. 

Specific  examples  of  the  use  of 
x-ray  diffraction  in  a  petroleum 
laboratory  include  the  identifica¬ 
tion  of  inorganic  deposits  found  on 
valves,  bearings,  oil  filters  and  other 
engine  parts.  Approximately  95 
percent  of  the  inorganic  materials 
encountered  will  yield  an  x-ray  dif¬ 
fraction  pattern  by  means  of  which 
it  may  be  possible  to  identify  them. 
Other  industries  find  the  x-ray 
method  extremely  valuable  in  deter¬ 
mining  the  structure  of  metals  and 
alloys. 

EleefroR  DiffraetioR 

The  electron  diffraction  method 
as  applied  to  industrial  petroleum 
problems  is  very  similar  to  the 
x-ray  diffraction  method.  As  the 
name  implies,  electron  waves  are 
diffracted  rather  than  x-rays.  Elec¬ 
tron  waves  are  slightly  shorter  in 
wavelength  than  x-rays  but,  unlike 
electromagnetic  radiation  of  sim¬ 
ilar  wavelength,  electron  waves  do 
not  have  the  intense  penetrating 
power  of  x-rays  or  gamma  rays. 
Electron  diffraction  supplements 
x-ray  diffraction  when  it  is  desired 
to  study  surface  phenomena  which 
may  be  too  thin  to  be  detected  by 
means  of  x-ray  diffraction. 

EiRctroR  Microscopy 

In  the  past  several  years  electron 
microscopes  have  become  available 
which  make  it  possible  to  see  ob¬ 
jects  far  smaller  than  can  be  re¬ 
solved  in  ordinary  microscopy.  In 
electron  micrography,  electron 
waves  travel  similarly  to  light  rays 
in  an  ordinary  microscope  except 
that  in  place  of  glass  or  quartz 
lenses  the  electron  microscope  sub¬ 
stitutes  electrostatic  or  magnetic 
fields.  The  maximum  resolution 
possible  at  present  probably  does 
not  exceed  0.01  microns  (0.000,001 
cm  or  100  A).  However,  another 
feature  of  the  electron  microscope 
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JAMES  KNIGHTS 


A  Habit  With  Us— 

HERMETICALLY  SEALED 

ETCHED 

The  engineers  of  the  James  Knights  Company 
pioneered  in  the  development'  and  manufacture  of 
Etched  quartz  crystals.  For  some  time  now,  we  have 
been  supplying  quantities  of  these  definitely  better 
type  crystals  in  hermetically  sealed  holders. 
James  Knights  Etched  Crystals  are  available  to  improve 
the  performance  of  your  equipment.  Catalog  on  request. 

BUY  WAR  BONDS  FOR  VICTORY/ 

The  JAMES  KNIGHTS  Co. 

SANDWICH,  ILLINOIS 


LABORATORIES,  INC 


LABORATORIES,  INC 


B?  Meadow  Street  New  Haven  10  Conn 


which  is  very  important  is  the  re¬ 
markable  depth  cf  focus  found  in 
electron  micrographs,  which  thus 
reveal  more  detail  than  could  be 
seen  heretofore  under  similar  mag¬ 
nification  by  other  methods. 


X>Ray  Miereradiegraphy 

A  relatively  little  known  but  po¬ 
tentially  useful  technique  is  that  of 
x-ray  microradiography.  Microra¬ 
diographs  of  thin  sections  of  any 
material  may  be  obtained  using 
techniques  similar  to  that  of  in¬ 
specting  castings,  welds,  etc.  except, 
that  the  specimen  is  very  thin  and 
the  film  is  capable  of  extreme  en¬ 
largement.  The  pictures  obtained 
are  truly  microradiographs,  for  the 
original  is  usually  i  inch  or  less  in 
diameter  and  sections  of  this  are 
then  enlarged  about  300  times. 

This  microradiographic  technique 
supplements  the  optical  microscope 
in  metallurgical  and  other  indus¬ 
trial  applications,  with  several  ad¬ 
vantages;-  it  gives  a  three-dimen¬ 
sional  view  of  the  specimen;  does 
not  depend  on  differential  action 
of  etchants  but  only  on  the  varia¬ 
tions  in  absorbing  power  of  consti¬ 
tuents,  including  internal  voids  and 
cracks;  requires  no  special  polish¬ 
ing  of  the  specimen ;  and  can  be  in- 
controvertibly  interpreted.  The 


Offer  Learfs  at 
aiy  Aisle  to 
Meiitiog  Logs 


“COPROX”  MODEL 
CX'2E2D4,  double 
half'wave  rectifier  rat' 
ed  up  to  4.5  volts 
A.C.,  3.0  volts  D.C., 
2.5.  milliamperes  D.C. 


PLUG-IN  CONTACT 
is  only  one  of  a  series 
of  mounting  types  a* 
vailable  in  all  shapes 
and  sizes. 


&eat  iotihid*  in  mounting  *'Co> 
prox'*  (coppur  oxidn)  meriflon  U 
trffordnd  by  tfw  uniqvn  inounHng 
lug  ond  tfw  fact  tfiot  loodi  may 
bn  ordnmd  at  any  rnqidrad  ongln 
to  dm  lug. 

Load  wknt  arn  pm-toldatid^  to 
prnvnnt  ovnrlmating  in  ossombiy. 
Gold-cootod  ^'pnllnh’'  rotord  ag¬ 
ing.  Low  forwwd  msitlancn,  high 
Inakagn  msistanen.  ContorVO^u 
rofingt  ond  high  tmnlng  tiandordt. 


Thn  ^fl^  of  Lttxtron'*  Phofi 
Mfb  to  epoMto  kistrumontt  and 
Ineirumnnt  mloy«,  without  am- 
pMcorion,  mmovnt  thn  haxc^ 
of  con^dmc  elreulte.  1^$  fact 
ofonn  rncomnMMKh  thnir  oppliea- 
tion  to  prncMon  control  pro- 
blnmt.  Udng  Luxtron*  enllt  alto 
moknt  f<K  iH^nr  and  Inw  buMty 
nquipmnrn. 

Thnir  nxcnptional  rntitlaaen  to 
vibrctflon,  thodc  and  gnnmai 
mnchan^caf  vlolnnen  mmm  long 
MTvIcn  and  unutuof  adhnrnncn  to 
originol  colibreMon. 


BRITISH  RADAR 


Enoi'Mtwfaie  inqvlri*)  al> 

vyoyt  wxioowHi. 

full  <krta  Mmt  on  roqvM*. 

*«U0.  U.  S.  0». 


Writ#  lot  Mi  tochniooi 
date  on  alt  ‘'Copro*'' 
ModoU. 
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Somewhere  in  England,  Craftxwoman 
Doris  Birt  oxerhouls  part  of  a  radio¬ 
location  receixer  for  the  AA  Command 
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For  Exampte . .  m  KARP  was  assigned  the  task  of  converting 
from  cast  aluminum  to  sheet  steel  a  junction  box  in  which  are  connected 
all  wires  operating  on  anti-aircraft  searchlight.  These  are  the  results; 

Manuiaciuring ... 


a  sheet  metal  product  was  produced 
with  standard  equipment  without 
any  special  dies. 


Qnaiiiy ... 


the  KARP-produced  junction  box  has 
greater  strength,  is  lighter  in  weight, 
and  b  better  looking. 


ConservaUon ... 

critical  material  and  vital  machine 
tool  time  were  saved,  with  no  loss  in 
the  efficiency  of  the  unit. 

Savings ... 

in  production  costs  and  actual  man 
hours,  in  addition  to  speeding  up 
deliveries. 


If  it's  in  sheet  metal,  KARP  can  make  it.  The  scope  of  KARFs 
service  can  be  fully  appreciated  only  when  you  see  KARP 
on  your  production  problem. 


CABINCTS 
CHASSIS 
RACKS 
PANELS 

124  30th  STREET*  BROOKLYN  31,  N.Y. 

Wasiopopor  mm  AMnorica's  No.  I  Critical  Material  .  .  .  Sawo  Ewory  Scrap 
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Standard  and  CUSTOM  CONSTRUCTION 
to  meet  all  specifications 


Prompt 

engineering  service 
always  available 


HERCULES  ELECTRIC  &  MFG.  CO. 

INCORPORATED 

2416  ATLANTIC  AVENUE  *  BROOKLYN  33,  N  Y 


You’ll  Like  These 
Heavily  Silver  Plated 

TURRET  LUGS 


major  difficulty  lies  in  obtaining  a 
specimen  section  0.010  inch  or  less 
in  thickness  from  the  material  to 
be  inspected. 
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FIRST — they’re  easy  to  use.  Just 
swage  them  to  the  board,  and  in 
a  jiffy  you  have  good  firm  Turret 
Terminals. 

SECOND — they’re  convenient  to 
solder  to  and  provide  perfect  con¬ 
tact.  Sufficient  metal  is  used  in  the 
Lugs  to  give  them  strength,  but 
not  enough  to  draw  heat  which 
would  increase  soldering  time. 

THIRD — they’re  readily  available. 
Turret  Lugs  to  meet  a  wide  range 
of  terminal  board  thicknesses  are 
in  stock. 

Write,  phone  or  wire  orders  to 


CAMBRIDGE  *7^tenmCo*Uc  CORP. 

439'CONCORD  AVL,  CAMBRIDGE  38,  MASS. 


RAF  RADIOMEN 


Separate  cubicles  simulate  the  radio 
room  of  a  plane  and  help  train  RAF 
signal  cadets  to  find  troubles  in  radio 
equipment  under  crowded  conditions 


DC  and  AC  WELDERS  *  TRANSFORMERS  •  MAGNETIC  CLAMPS  •  SOLENOIDS  •  RIVCT  HEATERS 
SPOT  WELDERS  •  FLUORESCENT  BALLASTS  •  SPECIAL  CONTROLS 
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IN  THIS  "SPOT”  ^  I'M 
GLAO  TNSrnS  TUMG^SOL 


The  blistering  heat  and  humidity  uf  the  tropics  is  but 
one  of  the  man>  conditions  that  must  be  provided  for 
in  the  manufacture  of  Electronic  Tubes.  The  cement 
used  to  secure  the  bases  to  the  glass  must  not  loosen 
under  the  high  temperatures  and  humidity.  This  is 
why  the  Army  and  Navy  insist  on  a  rigid  "torsion-test” 
of  all  bases  and  top  caps. 

A  tough  test  .  .  .  sure  it’s  tough  .  .  . 

The  importance  of  the  resistance  of  the  cement,  to 
heat  and  humidity,  has  always  been  recognized  by 
Tung-Sol  quality  control  engineers.  Before  the  war. 


Tung-Sol  Tubes  were  giving 
satisfactory  service  in  all  parts 
of  the  world. 


Many  new  types  of  tubes  for 
sending,  receiving  and  amplifying  have  been  devel¬ 
oped  that  will  be  available  to  civilians.  War  has  proved 
the  dependability  and  efficiency  of  TUNG-SOL  Elec¬ 
tronic  Tubes.  While  present  facilities  are  now  devoted 
entirely  to  war  work,  our  engineers  are  interested  in 
your  plans  for  post-war  products  that  will  use 
Electronic  Tubes. 


THE  "TORSION -TEST"  FOR  SECURITY  OF  BASES 


The  cube  is  subjected  to 
tropic-like  heat  and  hu¬ 
midity  for  18  hours, 
then  room  temperature 
for  one  hour.  It  is  then 
inserted  in  a  swivel  base 
with  a  weighted 


arm.  I  ' 

The  tube  must  with-  ^ 

stand  this  terrific  twist¬ 
ing  strain  without  the  base  becoming  louse  from  the  glass. 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

LSO  AAANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAMPS,  ALL-GLAS3  SEALED  BEAM  HEADLIGHT  LAMPS  AND  CURRENT  INTERMITTORS 
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DX  CRySTAl  CO 


GENERAL  OFFICES  1200  N  CLAREMONT  AVE  ,  CHICAGO  22,  ILL  ,  USA 


Vacuum 

CaiKicitors 


{Continued  from  page  127) 


YOU 

WITH  YOUH 
rUORITY 
REQUIBEMENTS 
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PARTS 
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air  device,  with  a  low-frequency  ca¬ 
pacitance  of  100  ppS  may  exhibit  a 
rise  in  .effective  capacitance  of  about 
30  percent  at  50  Me.’  For  a  given 
capacitance  and  voltage  rating,  a 
vacuum  capacitor  is  much  smaller 
in  size  than  an  air  unit  and  has  far 
less  self-inductance.  Therefore,  its 
net  change  of  capacitance  with  fre¬ 
quency — even  at  very  high  fre¬ 
quencies — is  very  slight. 

Effects  of  humidity  and  fungus 
growths  are  critical  in  tropical  re¬ 
gions.  Plates  of  variable  air  ca¬ 
pacitors  often  require  daily  clean¬ 
ing  for  removal  of  corrosion  and 
fungus  both  of  which  can  cause 
transmitter  failure.  Some  types  of 
fungi  secrete  a  corrosive  fluid 
which  not  only  attacks  metal,  but 
also  unglazed  ceramics  and  most 
other  types  of  insulating  materials. 
The  vacuum  capacitor  may  eventu¬ 
ally  And  wide  application  in  tropi¬ 
cal  climates  because  it  requires  a 
minimum  of  maintenance. 

VacHHin  Capacitor  ApplicatioRs 

Vacuum  capacitors  are  particu¬ 
larly  suitable  for  transmitter  tank 
applications  where  high  voltages 
are  involved  and  where  space  is  at 
a  premium.  Resonant  frequency  of 
the  tank  circuit  can  be  varied  in  the 
inductive  component. 

Where  a  short  transmitting  an¬ 
tenna  is  used  at  medium  or  high 
power  input,  the  vacuum  capacitor 
can  be  employed  to  good  advantage 
for  antenna  coupling,  because  of 
the  unusually  large  rf  potential  de- 
.veloped.  Series-parallel  combina¬ 
tions  make  up  an  unusually  com¬ 
pact,  stable  capacitor  bank  where 
high  potentials  are  involved. 

In  aircraft  equipment,  vibration- 
proof  construction,  small  size  and 
stable  voltage  ratings  are  a  consid¬ 
erable  asset.  This  type  of  capacitor 
may  also  be  of  value  in  uhf  instal¬ 
lations  where  precise,  unchanging 
capacitance  is  essential.  They  may 
find  further  application  in  many 
kinds  of  precision  apparatus,  in 
which  frequency  stability  is  par¬ 
ticularly  important. 

Pretsariiing  With  Gat 

Gas-filled  capacitors,  feature 
high  voltage  ratings  by  utilizing 


A  Compute 
Source  of  Supply 
for 

Everything 
in  the 

RADIO  ELECTRONIC 
INDUSTRY 


TUBES 


ELECTRONIC 

EQUIPMENT 


if  1 0,000  Ifant  ia  Stock 
-A  Past  Dalivary  Attarad 
-A  22  Yaart*  Expariaac* 


A  V  o  i  I  a  b  I  •  fro*  of 
ehargo  to  aathorixed 
parebotiag  agaats  oad 
eagiooart  who  writ*  or 
coRipoRy  statioRory. 
Addratt  Sox  E.  S. 


FOR  PROMPT  SERVICE 
Telephone  BArcloy  7-1840 


During  peacetime,  as  the  World’s  largest  loop 
aerial  manufacturers,  our  job  was  to  build  the 
highest  "Q”  loop  for  every  size  and  kind  of 
radio  receiver.  If  you  make  midgets  you  get 
the  same  DX  Isoso-loop  quality  that  goes  into 
the  large  consoles.  All  of  our  present  day 
efforts  are  devoted  to  making  DX  Xtals  but  we 
would  like  to  discuss  your  post  war  receiver 
plans  with  you. 


September  — ELECTRONICS 


» 


MORE  DEPENDABLE  TUBE  PERFORMANCE 

"Precision"  is  something  more  than  a 
motto  at  I.  C.  E.  "Precision"  I.  C.  E.  tubes 
must  be  right . . .  consistently  right . . . 
long-lived  and  dependable.  I.  C.  E.  engi¬ 
neers  don't  believe  in  "good  enough". . . 
they're  constantly  searching  . . .  experi¬ 
menting  . . .  striving  for  even  better  tube 
performance. 

Right  now  the  war  effort  is  claiming 
most  of  our  production  facilities  . . .  but 
we  do  have  a  limited  number  of  precision- 
engineered  electronic  tubes,  ready  for 
delivery.  Whether  your  problem  be  radio 
transmitting  or  industrial  application . . . 
we  invite  your  inquiries. 


1  •  I.  C.  E.  250th  •  I.  c.  K.  100th 

ELECTRONIC  TUBES 

INDUSTRIAL  &  COMMERCIAL 

BELMONT,  CALIFORNIA 

ELECTRONICS 
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Insulators  Can -'Liners 
Condenser  Boxes  Gaskets 
and  other  Specialties,  made 
to  your  Blueprint  Specifications, 
from  Fish  Paper  Varnished 
Paper,  or  Special  ACME  Treated 
Stocks 


Plain  or  Printed,  U  S  War 
Packaging  Specifications 
accurately  followed. 


Our  sample  department  will 
analyze  and  solve  your  Carton 
problems.  Consult  us.  Write 


ACME  FOLDING  BOX  CO.  inc 

Established  1914 

141  E.  25th  St.,  New  York  10,  N.Y. 

Phone-MUrray  Hill  4-7520 


certain  desirable  properties  of  gas 
dielectrics; 

Where  an  electrostatic  field  exists 
between  two  electrodes  in  a  gas,  the 
voltage  gradients  are  not  distrib¬ 
uted  evenly.  There  is  no  constant 
proportion  between  current  and 
field  strength,  as  in  metals.  There¬ 
fore,  a  gas  is  not  referred  to  as  hav¬ 
ing  resistance.  The .  discharge  of 
electricity  in  gases  ‘is  extremely 
complex,  and  is  dependent  on  many 
factors,  one  of  these  being  density 
of  the  gas. 

Referring  back  to  Fig.  1,  we  find 
that  after  the  pressure  is  raised 
above  minimum  sparking  potential 
of  any  given  gas,  for  a  given  elec¬ 
trode  spacing,  the  sparkover  volt¬ 
age  increases  in  approximate  pro¬ 
portion  to  the  pressure.  Pressures 
of  the  order  of  350  lb  per  sq  in. 
will  decrease  the  mean  free  electron 
path  to  a  great  extent,  as  demon¬ 
strated  by  Fig.  3,  so  that  an  elec¬ 
tron  moving  from  one  plate  toward 
the  other  would  undergo  a  huge 
number  of  collisions.  This  mini¬ 
mizes  the  tendency  toward  ioniza¬ 
tion.  Field  strength  necessary  to 
produce  an  electrical  discharge  be¬ 
comes  proportionately  high,  impart¬ 
ing  to  the  pressure  capacitor  a 
large  flashover  rating.  Other  fea¬ 
tures  are  rugged  construction,  very 
low  losses,  low  temperature  coeffi¬ 
cient,  stable  dielectric  constant, 
variable  capacitance,  and  provision 
for  external  flash-over. 

Rigid  mechanical  construction  of 
the  pressure  capacitor  is  a  consid- 
j  erable  asset.  The  gas-filled  cham¬ 
ber  is  usually  of  aluminum  or  cop¬ 
per-plated  steel  while  the  actual  ca¬ 
pacitor  elements  have  sturdy,  pre¬ 
cision-made  plates,  with  edges  ac- 
I  curately  rounded  to  increase  break- 
I  down  potential  and  eliminate  co¬ 
rona. 


specibuies 


ldbT0V0UH0B0EB| 


In  Endless  Variety 
for  Eneipncy  Shipment  to  Industiy 


For  want  of  a  Switch,  many 
days  could  be  lost!  And  when 
it’s  vital  war  work  that  is  de¬ 
layed,  that  Switch  assumes  tre¬ 
mendous  importance.  Now,  war 
industries  can  get  quantities  of 
Switches  of  many  different 
kinds,  with  amazing  speed  and 
efficiency.  W-J  has  organized  a 
NiUional  Industrial  Emergency 
Service  which  delivers  Switches 
and  thousands  of  other  Radio 
and  Electronic  Items  with  speed 
heretofore  considered  impossi¬ 
ble.  Oversized,  over-diversified 
stocks,  expert  technicians, 
unique  streamlined  methods  .  .  . 
every  facility  is  employed  to 
help  keep  your  work  on  sched¬ 
ule.  Send  us  a  test  order,  or 
ask  for  all  the  facts  NOW! 


ToUJbvxe 

paper  BOXES 


U  PROTECT 


Variable  Medals 

Some  models  are  of  the  variable 
type,  where  the  capacitance  can  be 
changed  while  in  operation  from 
about  40  percent  to  maximum  rat¬ 
ing.  The  rotor  shaft  is  brought  out 
through  special  pressure  seals.  A 
worm  gear  is  utilized  to  give  ratios 
from  15-to-l  up  to  900-to-l.  These 
units  can  be  supplied  with  motor- 
driven  remote  control,  including 
automatic  stops,  so  that  pressing  a 
button  provides  a  quick  and  ac¬ 
curate  change  of  value. 

Fixed  units  can  be  set  at  the  fac- 


msii  neuvM'ls 


fdcuUo  and. 


priority  jobs 


WALKER-JIMIESON,  INC. 

311  S.  Western  Ave.,  Chicago  12,  III 

PHONE:  CANAL  2525 
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CARBON  COMPANY 

ST.  MARYS,  PA. 

CHICAGO  •  CLEVELAND  •  DETROIT 
MILWAUKEE  •  NEW  YORK  •  PITTSBURGH 


X  he  amount  of  power  that  transmitting 
and  rectifying  tubes  will  safely  handle  de¬ 
pends,  in  a  large  degree,  upon  the  ability 
of  their  anodes  to  dissipate  the  heat  of  opera¬ 
tion.  SPEER  Graphite  Anodes  have  high 
radiating  emissivity  coupled  with  extremely 
high  thermal  conductivity  .  .  .  operate  at 
lower  temperatures. 

Quicker  diffusion  and  more  uniform  dis¬ 
tribution  of  heat  in  these  anodes  prevent  hot 
spots  that  cause  warping  and  shrinkage  of 
the  anode  material  .  .  .  minimize  possibilities 
of  strains,  cracks  and  electrolysis  .  .  .  keep 
associated  tube  parts  cooler  .  .  .  reduces 
primary  and  secondary  emissivity  from  grids 
and  supports  .  .  .  greatly  lessen  possibility 
of  tube  damage  from  severe  overloads  .  .  . 
permit  successful  operation  at  higher  fre¬ 
quencies  .  .  . 

Because  of  their  greater  heat  dissipating 
value,  Speer  Graphite  Anodes  make  possible 
greater  uniformity  in  tube  manufacture  and 
performance. 


DO  YOU  KNOW? 
SPEER  GRAPHITE  ANODES 


•  Increase  allowable  plate  power  dissipation. 

•  Lower  temperatures  of  associated  tube 
parts. 

•  Withstand  severe  overloads. 

•  Defy  warping. 

•  Prevent  hot  spots  or  fused  holes. 

•  Minimize  bulb  darkening  and  insulator 
leakage. 

•  Improve  degassing  qualities. 

•  Decrease  gas  troubles. 

•  Enhance  tube  appearance. 

•  Provide  precise  anode  dimensions. 

•  Produce  uniform  tube  characteristics. 

•  Retain  original  dimensions  in  service. 

•  Maintain  normal  tube  characteristics. 

•  Allow  wide  latitude  of  anode  design. 
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AIRCRAFT  &  DIESEL  EQUIPMENT  CORP. 

4401  N.  RAVENSWOOD  AVE. 
CHICAGO  40,  ILLINOIS 


Your  Partner!  in  Precision 


tory  to  any  desired  value,  and  are 
rated  at  =fcl  percent  accuracy.  The 
dielectric  is  a  dry,  inert  gas,  (usu¬ 
ally  nitrogen)  maintained  at  a 
pressure  up  to  350  lb,  and  a  pres¬ 
sure  gage  is  supplied  with  each 
unit.  The  insulating  bowl  which 
supports  the  rotor  is  the  only  loss- 
producing  dielectric.  Its  physical 
contact  with  the  terminals  is  com¬ 
paratively  small,  and  its  ratio  of 
area  to  thickness  is  large,  resulting 
in  very  little  effect  on  over-all  ef¬ 
ficiency.  This  insulator  is  usually 
porcelain,  Pyrex,  steatite,  or  other 
ceramic  materials. 

Abeat  Availabiiitias 

Voltage  and  capacitance  ratings 
of  gas-filled  units  cover  a  wide 
range.  The  variable  type  is  made  in 
values  of  100  to  3,500  /x/if,  while 
units  have  been  constructed  with 
fixed  values  up  to  20,000  A  t3rp- 
ical  capacitor  of  the  variable  t3T)e 
is  rated  at  42,000  v  peak  and  100 
amp  at  1000  kc,  having  a  maximum 
capacitance  of  500  /x/tf,  a  diameter 
of  101  in.,  and  a  total  height  of 
24i  in.  Special  units  have  been  put 
into  service  with  peak  ratings  of 
60,000  V  or  higher,  and  certain  types 
are  available  for  special  high-fre¬ 
quency  or  high-current  applica¬ 
tions.  Among  companies  making 
gas-filled  capacitors  are:  Barker  & 
Williamson,  Good-All  Electric,  E. 
F.  Johnson,  and  Lapp  Insulator. 

Power  loss  in  a  gas-filled  capaci¬ 
tor  is  quite  low,  because  of  the 


RADAR  ON  BENCH 


G«t  this  MW  iUustratsd  booklst  and 
SM  bow  ths  Adsoo  orgoaisatioB  and 
lacilitiM  can  mMt  your  oxact  speci¬ 
fications  for  closo-tolsronos  production 
of  ports  and  ossombliss  on  a  contract 
basis.  This  bolpful  information  is 
yours  foe  ths  asking. 


Formerly  a  Lloyd's  broker's  secretary, 
CraltswomoB  Beryl  Reed  solders  a 
capacitor  into  o  unit  of  radiolocation 
equipment  at  on  AA  Command  work¬ 
shop 


Solderless  Terminal 


Offers  Greater  Mechanical 
Strength  Plus  Higher  Con¬ 
ductivity  •—  at  Lower  Cost 


Sherman  UNI-CRIMP  Solderless  Ter¬ 
minals  have  been  designed  for  the 
specific  purpose  of  increasing  pro¬ 
duction  and  insuring  better  perform¬ 
ance  —  at  a  lower  cosf. 

Their  simplified  one-piece  design  is 
a  distinct  improvement  from  every 
standpoint,  making  them  stronger 
mechanically,  more  efficient  electri¬ 
cally,  easier  to  install  and  more 
economical. 

They  are  made  from  fine  grain,  spe¬ 
cially  rolled,  pure  electrolytic  copper, 
of  the  highest  conductivity  obtain¬ 
able.  The  entire  inside  of  the  barrel 
is  serrated,  so  as  to  increase  the 
contact  area,  grip  the  circumference 
of  the  wire,  and  form  the  strongest, 
most  permanent  connection. 

Let  us  show  you  how  you  can  switch 
over  to  this  improved  terminal  with¬ 
out  any  changes  in  your  present 
set-up  —  without  interrupting  produc¬ 
tion.  Write  today  for  Bulletin  UC-I. 


H.  B.  SHERMAN  MFG.  CO. 

Battia  Craak,  Michigan 


Skerman 


Solderless  Terminal 
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0-300  Volts  D.  C. 

Wide  Range 
Regulated  Power  Supply 

I 


Excellent  Regulaf ion  and  Stability- 

Very  Low  Hum  Level 


1.  Output  voltage  changes  less  than  0.5  volts 
with  ±  10%  line  change. 

2.  Internal  resistance  less  than  2  ohms  at  low 
frequencies. 

3.  Hum  is  less  than  12  millivolts,  R.M.S. 

Single  knob  control  with 
range-changing  switch. 


Some  special  models  to  meet  in¬ 
dividual  specifications  are  In  production. 
The  basic  circuit  is  adaptable  to  meet  a 
wide  variety  of  voltage  and  current  re¬ 
quirements. 

Inquiries  are  Invited,  both  on  these 
new  power  supplies  and  on  our  elec¬ 
tronic  consulting  service. 


DISTRI  BUTED  BY 

RADIO-TELEVISION  INSTITUTE,  INC. 

OF  NEW  YORK 

480  LEXINGTON  AVENUE  *  PLaza  3-4585  N  EW  YORK  1  7,  N.  Y. 
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small  amount  of  loss-producing  ma¬ 
terial  between  electrodes.  Like  the 
vacuum  unit,  it  has  an  unusually 
high  Q,  and  excellent  stability. 
Temperature,  humidity,  atmos¬ 
pheric  pressure,  and  other  external 
factors  have  little  or  no  effect  on 
electrical  characteristics.  It  is  me¬ 
chanically  secure,  and  not  only  is  its 
gas  dielectric  self  healing,  but 
also  the  internal  mechanism  is  pro¬ 
tected  from  excessive  voltages  by 
an  external  adjustable  spark  gap. 
Moreover,  a  single  capacitor  will 
usually  do  the  work  of  several  con; 
ventional  units  in  series-parallel. 

Pressure  capacitors  are  used  in 
broadcast  and  similar  r-f  applica¬ 
tions.  They  are  employed  in  high- 
voltage  tank  circuits,  and  are  also 
used  for  neutralizing  or  coupling. 
Pressure  capacitors  are  suitable  for 
use  in  both  d-c  and  a-c  applications. 
Within  the  past  few  years,  consid¬ 
erable  progress  has  been  made  in 
the  design  of  these  capacitors,  mak¬ 
ing  possible  higher  voltage  and 
higher  frequency  applications. 


'X/AjOikzA.  BRAND 
SEMI-INSULATED 
CERAMIC  RESISTORS 


•  Low  ohmic  values  are  made  in 
body  type  "CX”  only  whereas 
type  "A”  body  is  offered  in  a  wide 
range  of  resistance  values. 

\ 

Globar  Brand  Resistors  are  un¬ 
usually  rugged  as  your  tests  will 
prove.  Thoso  illustrated  are  stand¬ 
ardized  sizes  and  resistance  values. 
In  case  you  require  resistors  havipg 
special  characteristics  we  can  fur¬ 
nish  them.  Larger  units  or  special 
sizes  can  be  provided. 

Write  us  outlining  your  resistor 
problem,  it  will  receive  prompt 
and  careful  consideration. 
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niYlKAl  AND  [IKTMCAl  SHOnaTlOW 
TYK  “A"  RfSUTORS 


A  RAZOR  BLADE  and  cat  whisker 
act  as  a  detector  for  picking  up 
broadcasts  from  Rome  and  Naples 
for  Pvt.  Eldon  Phelps,  with  the 
Fifth  Army  on  the  Anzio  beach¬ 
head. 


TW  "a"  MSISTORS 


tif-a 


LETTERS  FROM  former  Sylvania 
workers,  now  in  the  armed  forces, 
often  mention  seeing  and  using 
products  they  formerly  made.  To 
one  letter  from  a  Seabee  in  the 
South  Pacific,  the  censor  added  a 
postscript:  “This  letter  was  cen¬ 
sored  under  one  of  your  fluorescent 
lamps.” 


TTM 


Globar  Division 


TRADE  MARK 

NIAGARA  FALLS,  N.  Y. 

borundum  and  Globar  are  registered  trade  marks  of 
indicate  manufacture  by  The  Carborundum  Co.. 
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A  Tested  Source 


for  the  MASS  PRODUCTION  of 


Small  Precision  Parts 


WADSWORTH 

FACILITIES 


Dl«  Making 
Jigs  &  Fixtures 
Gage  Making 
Madel  Building 
Milling 
Drilling 
Turning 
Stamping 
Screw  Machining 
Hard  Soldering 
Heat  Treating 
Line  Assembly 
Polishing 
Lacquering 
Photo  Etching 
Silk  Screening 
Product  Decorating 
Metals  Laboratory 
Engineering  Design 
Product  Design 


lldght  now  Wadsworth  is  making  small  precision 
parts  for  forty-five  major  companies  which  normally 
manufacture  such  products  as  radio  equipment,  refriger¬ 
ators,  automotive  parts,  precision  instruments  .  .  . 

Typical  example  is  a  minute  steel  piece  that  re¬ 
ceives  thirty  forming  operations,  sixteen  of  which  are 
precision  milling,  although  it  weighs  only  l/lOth 
of  an  ounce. 

After  the  war,  manufaaurers  who  will  need  smafl 
parts  of  this  character  will  seek  Wadsworth’s  small 
parts  facilities  in  order  to  hold  sales  in  competitive 
markets. 

Let  us  discuss  with  you  the  postwar  production 
of  those  small  parts  and  sub-assemblies  you  .may 
have  found  difficult  to  get  in  the  past  or  mav  require 
tomorrow. 


CURRENTLY 
SERVING  THESE 
INDUSTRIES 


Aircraft 
Automotive 
Bearing 
Electronics 
Instruments 
Machine  Tool 
Small  Arms 
Refrigeration 


SMALL  PARTS  DIVISION 
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DROUUiriG  PEnCILS 


LEAD 


WITH 
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(Continued  from  page  140) 


transformer  can  be  placed  ahead  of 
the  oscilloscope,  presenting  to  the 
test  circuit  merely  the  grid  loading 
of  a  vacuum  tube  (Fig.  1). 

With  the  input  and  output  im¬ 
pedance  effects  minimized,  the  only 
remaining  limitation  on  the  range 
of  utility  of  this  method  is  that  of 
frequency.  The  percent  deviation 
of  the  wave  produced  by  the  genera¬ 
tor  from  an  ideal  square  wave  is 
the  minimum  percent  error  to 
which  impedance  measurements 
can  be  made.  The  amplitude  and 
phase  shift  response  of  the  oscillo¬ 
scope  must  be  linear  from  at  least 
ten  times  the  highest  square-wave 
frequency  at  which  tests  are  to  be 
made,  to  one-tenth  the  lowest. 

To  determine  the  frequency  range 
within  which  the  equipment  is  re¬ 
liable,  the  generator  output  should 
be  observed  on  the  oscilloscope  to 
be  used.  This  procedure  does  not 
indicate  which  of  the  instruments 
is  at  fault  but,  because  distortion 
in  either  one  is  equally  detrimental 
to  accuracy,  it  does  indicate  the 
usable  range  for  the  combined 
equipment. 

Stray  shunt  capacitances  to 
ground  must  be  kept  small.  Such 
strays  are  most  likely  to  appear 
from  the  unknown  impedance  to 
surrounding  metal  such  as  the 
cases  of  the  generator  and  oscillo¬ 
scope.  Even  at  moderately  high 
frequencies,  lead  inductance  dis- 


The  use  of  a  fine  pencil  1s  re¬ 
flected  in  the  drawing,  whether 
made  by  an  architect,  engi¬ 
neer  or  artist.  It  also  reflects  in 
the  blueprints  when  made  from 
tracings  .  .  .  You  can  rely  on 
the  KIMBERLY  Drawing  pencil 
to  perform  for  you  . . .  The  21 
occurately  graded  degrees, 
including  Tracing  1 — 2 — 3 — 4, 
are  all  perfect  quality  with  the 
needed  strength  when  pres¬ 
sure  is  applied — the  smooth¬ 
ness  of  silk,  density  of  color 
creating  deep  opaque  blacks, 
minus  a  tendency  to  smudge 
and  free  from  gritty  hard  spots. 

Matching  Kimberly  Quality  is  the 
SEMI-HEX  Carbo-Weld  Thin  Colored, 
made  in  a  variety  of  colors — an  indis- 
pensabie  pencil  in  the  drafting  room. 
White,  lemon  yellow  and  a  special 
red  shade  are  best  for  checking  and 
blueprint  work. 

You  may  try  theta  axcallaflt  pencilt  by  fllling 
in  ond  returning  the  coupon  below. 


What  happened  to  your  meter  when 
you  made  a  miscue  and  slammad 
tha  pointer  against  the  stops?  Does 
the  pointer  above  revive  unpleasant 
memories? 

Until  Supreme  started  production 
of  its  own  meters,  the  best  general 
purpose  meters  available  were  se¬ 
cured  for  our  test  equipment.  They 
were  good  .  .  as  good  as  any  gen¬ 
eral  purpose  meter  can  possibly  be 
Today,  however.  Supreme  built 
meters  are  designed  for  one  specific 
field  . . .  the  electronic  service  man. 

Think  back  over  the  past  years. 
How  many  days  and  dollars  have 
you  lost  because  of  a  slammed 
meter?  No  meter  is  indestructible, 
but  these  Supreme  Meters  can  take 
it.  Accurate?  YesI  And  double- 
ruggedl 

Investigate  when  considering  post¬ 
war  service  equipment. 


gjv  DEPT.  C 

GENERAL  PENCIL  CO. 

67  Fleet  St.,  Jersey  City  6,  N.  J. 
y  Gentlemen — Please  send  me  without  T 

obligation:  1-KIMBERLY . (Degree) 

and  1 -SEMI-HEX . (Color) 


A  PASHA  in  North  Africa  has  an 
intercommunicator  system  that  per¬ 
mits  him  to  contact  each  room  in 
his  harem  when  necessary.  Inter¬ 
ested  in  improvement,  he  asked 
Maj.  Andre  Baruch,  former  an¬ 
nouncer  now  in  Africa,  “How  is 
television  progressing  in  your 
country.  Major?” 


Address 


D*al«r'  Nam« 


Supreme  504-A  Tube  and  Set  Tester. 
One  of  many  test  instruments  in¬ 
corporating  a  Supreme  Meter. 


MORE  THAN  150  new  electronic 
tubes  and  300  types  of  apparatus 
not  made  by  anyone  before  the  war 
have  been  developed  by  RCA  for 
the  armed  forces. 


9?2a/ii/z*  A*nu.  /S'S'9 

General  Pencil  Company 


JERSEY  CITY  6 
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Presto  Recording  Corporation,  New  York  19,  N.Y.,  U.S.  A. 

^orW$  target!  Manvfa<tyrar$  of  tiuiontanoovt  Sound  Rocordiog  [quipmont  and  Oitct 

IT alter  P.  Down*,  Ltd.  in  Canada 
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you  want 


•  CRYSTALS 

•  CABLES 

•  HARNESSES 

•  ELECTRONIC 

ASSEMBLIES 

•  CABINETS  . 


Telephone  Peru,  Indiana 


Serving  the  Radio  and  llectronit  Industries  with  pretision  engineered  produtts. 


HJm.T.UJnLLRCE  ITIfg.  Co 

General  Offices:  PERU,  inDIRIIfl 

Cable  Assembly  Division:  ROCHESTER^IIIDinnA 


frequency  response  of  the  oscillcv- 
scope,  the  circuit  must  be  shielded 
from  stray  fields. 

Typical  measurements  are  illu^i- 
trated  in  the  following  table  which 
gives  an  indication  of  the  accuracy 
to  be  expected  from  square-wave 
impedance  measurements  of  this 
type.  ■ 


Koxciusiveiy 

For  use  in  radio  and  ultra  high  frequencies  .  .  . 
especially  for  R.F.  and  I.F.  coils,  and  R.F.  filters. 
Molded  .  .  .  light  .  .  .  uniform  permeability.  Speci¬ 
fied  .  by  Government  departments,  and  used  by 
leading  manufacturers  of  radio  and  electronic 
equipment.  .  . .  Our  engineering  skill,  development 
and  laboratory  facilities  are  at  your  disposal.  Send 
us  your  specifications. 

FERROCART  CORPORATION  OF  AMERICA 

Plant  and  laboratory:  HASTINGS-ON-HUDSON  6,  NEW  YORK 

San  Franolico:  I3SS  Marfcnt  St.,  W.  C.  Hitt.  La*  Anial**: 

1341  S.  Hat*  St..  W.  C.  Hitt.  Indianapall*:  108  E.  9th  St.. 

Qaaiiiar  Bra*.  Jankintawn,  Pa.:  P.  0.  Bax  240,  0.  M. 

Hilliard.  Mantraal:  99S  St.  Jaaia*  St..  Watt.  W.  T.  Hawat. 


ACCURACY  OF  CAPACITANCE 
MEASUREMENTS 


Actual  Maasurad  Parcant  Fraquancy 

fiM  fifd  Error  cpt 

0.1000-  0.008  12  U* 

O.OtOO-  0.0092  I  SOO 

0.001(4)  0.0010(2)  (2)  S200 

Callbratad  ratlttor  utad  in  this  maaturamant  wai 
3^000  ohms. 

*eanorator  output  noticaably  not  a  tquara  wav* 
at  this  fraquancy. 


EFFECT  OF  IMPEDANCE  ON  INDUCT¬ 
ANCE  MEASUREMENTS 


Raslttanca  Fraquancy  Inductanc* 

Ohms  cps  mh 

314  740  0.048 

3140  3300  0.152 

3140  3800  0.132* 

31400  27000  0.I8S 

*lntarnal  impadanca  of  tha  qanarator  was  1000 
ohms  for  this  ona  maasuramant. 


Test  equipment  used  in  these 
measurements  was  connected  di¬ 
rectly  to  the  impedances  under  test 
(not  as  shown  in  Fig.  1)  to  illus¬ 
trate  the  accuracies  which  can  be 
expected  if  commercial  equipment 
is  used  directly,  and  to  show  the  de¬ 
sirability  of  using  impedance¬ 
changing  networks  where  higher 
accuracies  are  required.  The  in¬ 
ternal  impedance  of  the  square 
wave  generator  was  500  ohms;  the 
input  impedance  of  the  oscilloscope 
was  2  meg. 

The  value  of  R  used  in  measur¬ 
ing  capacitance  was  chosen  as  the 
mean  between  the  generator  and 
oscilloscope  impedances  (500  X  2  X 
10*)  i  =  33,000  ohms.  The  constants 
of  the  inductor  for  which  the  meas¬ 
ured  v.ilues  are  given  are:  L,  0.189 
mh;  /.„  48,000;  Q,  11.8  at  1000  cps. 

Measurements  of  this  inductor 
could  not  be  carried  out  using 
larger  resistances  because  of  the 
free  oscillations  appearing  on  the 
trace ;  the  low  resistances  used 
damped  these  oscillations.  The  par¬ 
ticular  values  of  R  used  in  measur¬ 
ing  inductance  were  chosen  to  can¬ 
cel  the  n  term.  Data  is  only  reliable 
to  three  places  in  the  ^bove  mea.s- 
iirements. 


(1)  Brailaford,  H.  D.,  Measuring  Coll 
Characteristics  Without  an  Impedami' 
Bridge,  Electronics.  May  1948. 

12)  Richter,  Walther,  Cathode  FoUow-r 
Circuits,  Electronics,  Noyember  19-13 
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iOlhRAD 
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KEN-RAD 


Designed  originally  4oil^9|S 
saying  and  fine  receptibri^^^^iP 
portable  radio  sets  Ken-Rad 
miniature  tubes  easily  adapted 
themselves  to  walkie-talkie  and 
other  military  uses  Expansion 
and  future  progress  with  this 
rugged  Little  Giant  is  limitless 


t  ‘  to*  f  -^v>e 


TRANSMITTING  TUBES 


j  CATHODE  RAY  TUBES 


INCANDESCENT  LAMPS 


FLUORESCENT  iAMPS 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


UHF  Calibrator 

This  manufacturer  "specializes  in 
the  development  of  uhf  equipment 
and  has  available  a  new  secondary- 
standard  calibrator,  designated  as 
Model  No.  C-200,  which  is  designed 
to  establish  frequencies  at  uhf  with 
quartz-crystal  accuracy.  The  in¬ 


strument  provides  fast,  easy  cali¬ 
bration  up  to  2000  Me.  It  may  be 
used  for  calibrating  wavemeters, 
signal  generators,  oscillators  and 
receivers.  The  unit  is  equipped  with 
transmission  line  output  and  a 
built-in  detector  unit. 

Lavoie  Laboratories,  Morganville, 
N.  J. 


Time-Delay  Relay 

Model  td6  time-delay  relay  is  in¬ 
tended  for  use  in  protecting  indus¬ 
trial  and  transmitter  tubes.  It  has 
a  cam-operated  switch  mechanism 
and  is  mounted  in  a  dust  and  mois- 
tureproof  Bakelite  case  for  panel 
mounting.  A  visible  index  shows 
the  open  and  closed  position  by 
means  of  a  graduated  indicating- 
dial.  Four  screw-type  terminals  are 
included  for  motor  and  switch  cir¬ 
cuits.  A  totally  enclosed  switch 
unit  is  used  in  the  relay.  This 
switch  has  definite  snap  action  and 
positive  lock  in  both  operating 
positions. 

The  R.  W.  Cramer  Co.,  Inc.,  Cen- 
terbrook.  Conn. 


Electronic  Heating 
Generators 

A  COMPLETE  LINE  OF  electronic  heat¬ 
ing  generators  with  ratings  of  1, 
2,  6,  10  and  20  kw,  in  line  with 
NEMA  standards,  are  available  for 
both  induction  and  dielectric  heat¬ 
ing  loads.  These  units  are  com¬ 
pletely  self-contained  and  have  no 
external  cooling  or  other  auxiliary 
units.  They  operate  on  60  cps  lines. 
Units  of  60  to  200  kw  capacity  can 
be  supplied  in  addition  to  the 
standard  1  to  20  kw  ratings.  The 
primary  voltage  is  220  or  440,  sin¬ 
gle  phase  for  ratings  of  6  kw  or 
lower,  and  3  phase  for  10  kw  and 
higher.  The  oscillator,  power  sup¬ 


ply,  blower,  and  other  switchgear 
are  housed  in  one  unit.  The  high- 
frequency  section  is  shielded  to 
minimize  the  possibility  of  inter¬ 
ference  with  nearby  communica¬ 
tions  circuits.  An  automatic  tim¬ 
ing-control  permits  load  cycle  ad¬ 
justment  to  a  predetermined  time, 
which  can  be  automatically  re¬ 
peated.  Terminals  are  provided  for 
remote  control.  Air-cooled  tubes  are 
used  in  these  generators. 

Westinghouse  Electric  &  Mfg 
Co.,  East  Pittsburgh,  Pa. 


UHF  Signal-Generators 

These  uhf  signal  generators 
(Type  804-CSl  and  Type  804-CS2) 
are  laboratory-type  units  which  op¬ 
erate  from  7.6  to  330  Me  and  their 
frequency  calibration  is  accurate  to 
=tz2  percent.  Voltage  output  is  con¬ 
trolled  by  an  accurately  calibrated 
attenuator  network  which  allows 
control  from  1  ju,v  to  20,000  fiv.  The 
output  of  the  instruments  is  ar¬ 
ranged  so  that  an  internal  source 
of  modulation  at  a  frequency  of 
1,000  cycles  may  be  used,  or,  by  use 
of  an  incorporated  switching  ar¬ 
rangement,  external  sources  of 
modulation  between  30  cycles  and 


20,000  cycles  may  be  used,  adjust¬ 
able  from  zero  to  60  percent,  indi¬ 
cated  by  a  direct-reading  modula¬ 
tion  meter. 

A  special  input  circuit  is  used  to 
pulse-modulate  the  generators  from 
an  external  source,  having  very 
steep  wave-fronts  and  extending  in 
rapidity  to  pulses  of  approximately 
20  microseconds.  Shielding  and  r-f 
filters  hold  stray  field  leakage  to  a 
minimum.  Frequency  changes  due 
to  power-line  fiuctuations,  are  held 
to  a  minimum  by  the  use  of  a  stabil¬ 
ized  power-supply,  which  is  incor¬ 
porated  in  the  unit  for  operation  on 
either  115  v  or  230  v  a.c.,  40  to  60 
cycles,  single  phase. 

Each  generator  weighs  less  than 
35  lb  and  comes  supplied  with  a  3-ft 
coaxial  output-cable  of  75  ohms  im¬ 
pedance,  a  fixed  10:1  attenuation  re¬ 
duction  unit,  a  special  terminal 
unit,  an  adapter  plug,  line  cord,  ex¬ 
tra  blank  plug-in  coil  form,  spare 
pilot  lamps,  fuses,  and  one  set  of  4 
tubes. 

Federal  Mfg.  &  Engineering 
Corp.,  211  Steuben  St.,  Brooklyn  6, 
N.  Y. 


340 


UpHmb«r  1944  —  ELECTRONICS 


ELECTRONIC  CORP.  OF  AMERICA 

45  WEST  18th  STREET  •  NEW  YORK  II,  N.Y.  WATKINS  9-1870 


I  America  today  is  analogous  to  ] 
laboratory  where  work  is  - 
scientifically  planned  on  foun-  | 
dations  of  the  past,  present,  and  future.  The  } 
mistakes  that  the  world  made  after  1918,  the 
current  conflict,  and  our  hopes  for  the  years  ^ 
ahead  serve  as  the  foundation  components  for 
a  postwar  program  of  peace  and  security  and 
abundance.  Like  the  laboratory  technician,  our 
country’s  thinkers  should  plan  our  participation 
on  a  scientific  basis. 


The  effects  of  such  a  policy  are  closely  allied  to  the 
welfare  of  the  American  people.  An  economy  of 
abundance^ can  be  translated  into  an  abundance 
^  of  jobs  .  .  .  for  present  workers  as  well  as  men 
^  and  women  returning  from  the  battlefields. 
^  Equally  important,  it  gives  our  country  the 
the  opportunity  to  make  even  greater  strides 
in  securing  the  well-being  of  the  individuals 
.  .  .  be  they  capital  or  labor.  Through  such  an 
economy  of  abundance,  the  businessman  can  pro¬ 
tect  his  production  peaks  without  fear  of  drastic 
reductions  in  sales,  and  resulting  tragedies — and 
the  worker  can  be  assured  of  a  steady  job,  and 
all  that  it  implies. 


The  objective  of  the  nation  is  already  established. 
You  know  that  technical  advancements,  especially 
those  in  communications  and  transportation,  have 
made  isolationism  and  nationalism  impossible. 

America,  therefore,  must  participate  in 
world  affairs.  Friendly  relations  in  the 
international  community  mean  not  only 
an  interchange  of  ideas,  but  an  inter¬ 
change  of  goods.  Out  of  the  former 
comes  a  better  understanding  of  each  nation’s 
problems  .  .  .  out  of  the  latter  will  come  wider 
markets  for  our  greatly  expanded  production.  In 
gaining  such  markets,  we  can  still  maintain 
our  industrial  set-up  as  it  stands  today,  yet  ^ 
avoid  any  of  the  ills  that  might  arise  from 
overproduction. 


We  have'the  qualities  for  winning  the  ' 

war  .  .  .  that  is  certain.  Whether  or  not  ^ 

we  have  the  qualities  for  winning  the  1 1 

peace  remains  to  be  determined.  Should  ^  I 

we  recognize  our  nation  as  a  huge  lab- 
oratory,  and  ourselves  as  scientists,  en- 
gineers  and  technicians  working  in  the 
simplest,  most  direct  method,  we  can  achieve  our 
goal  of  a  just  and  lasting  peace  with  opportunity 
and  security  for  all. 


READY  SOON!  A  sound,  workable  and  realistic 
plan  for  a  postwar  world  of  abundance  and 
lasting  peace,  prepared  by  the  Electronic  Cor¬ 
poration  of  America.  Write  for  your  copy  today. 


The  Electronic  Corporation  of  America  U 
two  nationallp-knotcn  commentators:  Johannes  Steel,  over  S 
Oailmor,  over  Station  WHN,  yew  York. 
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IL  SHIELDED 


VlfAL  to  all  communications, 
Precision  Metal  Shielded 
Wire  insures  protection  under 
the  most  trying  circuni- 
stnnces.  One  or  more  insu¬ 
lated  conductors  can  be  sup¬ 
plied  shielded  with  Seamless 
Copper,  Brass,  Nickel  or 
Aluminum  Tubing.  Cut  to 
exact  size,  stripped  and 
formed,  ready  for  instant 
application,  or  furnished  in 
random  lengths. 

Standard  stock  supplied  with 
Packard  or  GE  Deltabeston 
Cable  to  ANJC48  specifica¬ 
tions.  Also  supplied  using 
wire  to  customer’s  require¬ 
ments. 

Ready  soon  —  a  new  cata¬ 
log.  Send  your  request 
in  at  once.  Only  a  limited 
supply  available. 


Firnguft-Resistant  Coating 

Fob  oveb-all  tbeatment  of  as¬ 
sembled  ground  equipment  such  as 
the  walkie-talkie,  handy-talkie, 
radar,  power  plants,  etc.,  there  is 
available  a  No.  25A  moisture  and 
fungus-resistant  coating.  Signal 
Corps  approved.  It  is  fast  drying 
and  non-toxic  to  humans. 

Insl-x  Co.,  Inc.,  857  Meeker  Ave., 
Brooklyn,  N.  Y. 

Improved  Potentiometer* 
Rheostats 

Improved  Type  58  wire- wound  po¬ 
tentiometer-rheostats  include  a 
metal  strap  on  the  shaft  face  to 
provide  for  a  two-position  locat¬ 
ing  pin  which  cannot  break  or 
tear  off.  The  metal  strap  grounds  the 
metal  cover  which  is  clinched  to  it. 
The  cover  will  not  loosen  or  turn 
because  it  is  keyed  in  place  on  the 
casing.  The  bushing  is  also  pre¬ 
vented  from  slipping  or  turning, 
when  the  locking  nut  is  drawn 
tightly,  because  it  is  keyed  into  the 
Bakelite  case.  The  case  is  dust- 
proof.  The  can  is  made  of  molded 
Bakelite  and  tends  to  eliminate  cor- 


1 10-VOLTS  A.  C. 

from  DIRECT  CURRENT 

with  KATOLI6HT  ROTARY  KONVERTERS  for 
optrating  radio  and  alactronic  aquipmont, 
moving  pictura  projactors,  sound  apparatus, 
A.C.  appliancat,  ate. 


225  WAH 
CONVERTER 


Availabla  in  sliat  110  through  2500  watts, 
1800  and  3800  r.p.m.  ball  baaring  dasigns. 
Furnish  standard  1 10-volt  80  cycia  A.C.  from 
32,  110  or  220-volts  diracf  currant.  Quiat  in 
OMration.  Can  ba  furnishad  with  spacial 
filtaring  aquipmant  for  sansitiva  radio  work. 


PRECISION  TUBE  COMPANY 


PIONEERS  IN  THE  EUILDING  OP 
SMALL  ROTARY  CONVERTERS 


3828TERRACE  STREET  (ZONE  28) 
PHILADELPHIA,  PA. 


At  prasant  Kato's  antira  production  must  ba 
diractad  to  furnishing  convartars  on  high 
priority  ordars.  Wira  us  if  you  naad  this 
kind  of  aquipmant  for  ordars. 


SAtfS  DIPABTMINI; 

215  05  27lh  AVENUE,  BAYSIDE.  1.  I.,  N  Y 


Also  manufaefurors  of  A.C.  ani  D.C.  ganaro- 
fors  ranging  from  3S0  wefts  fhrough  25  K.W.; 
powar  plants;  fraquancy  changors;  klgh  fro- 
quoncy  gonorators;  and  Motor  Gonorator  Sots. 

KATO  ENGINEERING  CO. 

73  ELM  ST.  MANKATO,  MINN. 


NEW  GUIDE 

TO  PRECISIOH-MADE 

PLASTICS 


BY  SILLCOCKS  'MILLER 


FREE  BOOKLET 


PRESENTS  4 -POINT 
SERVICE  TO  HELP 
DESIGN  ENGINEERS 


How  the  facilities  and  experi¬ 
ence  of  Sillcocks-Miller  spe¬ 
cialists  can  help  you  solve 
your  problems  in  precision- 
fabricated  plastics  is  told  in  a 
new  illustrated  booklet  now 
available. 


Designers  and  manufacturers 
in  need  of  plastic  ports  and 
products  made  to  extremely 
close  tolerances  will  find  The 
Sillcocks-Miller  Company  a 
most  dependable  source  for 
design  and  development  serv¬ 
ice  and  for  highest  quality 
production. 


Whether  you  are  now  using 
plastics  or  want  to  learn  why 
it  will  pay  you  to  convert  to 
plastics,  you  should  have  a 
copy  of  this  helpful  booklet. 
Write  for  it  today  —  without 
obligation. 


tvs- 


MAAS  &  WALDSTEIN  COMPANY,  NEWARK,  N.  J 


PRODUCERS  OP  LACQUERS,  ENAMELS,  SYNTHETICS  AND  SPECIALTY  FINISHES  FOR  ALL  PURPOSES 
BRANCH  OFFICES  &  WAREHOUSES:  16S8  CARROLL  AVE.,  CHICAGO,  ILL.  •  1228  W.  PICO  BLVD.,  LOS  ANGELES,  CALIF. 


FUNGUS  RESISTANT  LACQUER  #86-A 


Proteiting  the  Lifeline  of  Commnnkations 


FUNGUS  RESISTANT  VARNISH  #512-A 

Contains  non-mercury  bearing  Fungicide. 


These  four  Dulac  coatings,  containing  fungicidal 
agents  which  meet  the  requirements  of  the  Signal 
Corps  and  the  Navy,  give  protection  against 
shorts  due  to  moisture  retained  by  fungus- 
growth.  They  are  easily  applied  on  all  types  of 
surfaces,  both  organic  and  inorganic,  by  brush, 
dip,  or  spray.  They  air  dry  tack-free  to  touch  in 
15  minutes  and  hard  in  1  hour. 


FUNGUS  RESISTANT  LACQUER  #96-A 
FUNGUS  RESISTANT  VARNISH  #522-A 


Contains  mercury  bearing  Fungicide. 


For 

o  quick 
“Finifli" 
Buy  mer* 
WAR 
BONOS 


HIGH  SOLIDS  AND  GOOD 
MOISTURE  RESISTANCE. 


Send  for  Bulletin  “Dulac  Fungus  Resistant  Coatings  for 
Tropicalization  of  Radio,  Signal  and  Communication  Equipment. 
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For  a  dopondoble  source  oi  electricity  on  proJecU  remote 
from  commercial  pOwer.  Onon  Electric  Plants  ore  proven 
leaders  in  the  Held.  More  than  hall  ol  the  Armed  Forces' 
total  requirements  lor  Power  Plants  ore  built  by  Onon. 


,  .  Sinqle-unit.  compact  desiqn  .  .  .  Sturdy 
Suitable  lor  mobile,  stationary  or  emer- 


Gosoline^lriven 
construction  .  . 
qency  serrlce. 


Over  15  models,  ranqinq  in  sises 
from  350  to  35,000  watts,  50  to  800 
cycles,  115  to  660  Tolts,  A.C.— 6  to  4000 
Tolts,  D.C. — Also  dual  A.C. — D.C.  out- 


rosion  and  electrolytic  actions,  es¬ 
pecially  when  the  control  is  used  on 
d.c.  The  center  rail  and  terminal 
of  these  units  comprise  one  piece. 
There  is  also  a  direct  connection 
between  the  winding  and  the  “L” 
and  “R”  terminal  lugs,  which  are 
constructed  so  that  melted  solder 
cannot  get  inside  the  case.  There 
is  a  zero  hopoff  at  the  terminal  and 
1500  V  insulation  between  the  wind¬ 
ing  and  the  shaft.  A  switch  can  be 
added.  Tandem  units  with  two  or 
more  controls  on  a  common  shaft 
are  available. 

These  potentiometer  -  rheostats 


DMcriptlTs  literature 
sent  promptly  on  request. 


D.  W.  OMAN 
&  SONS 

32SS  Royalston  Aye. 
MINNEAPOLIS  5, 
MINNESOTA 


have 

joined  the 

FIGHTING 

FORCES 


1^  The  humble  phonograph  pickup  .  .  .  long  looked  upon 
^  by  Uncle  Sam  os  a  luxury  product  subject  to  limited 
manuiacture  .  .  .  has  of  recent  months  become  an  important  factor  in  the 
educational  and  morale  building  program  for  om  armed  forces.  The  Astatic 
Corporation  today  supplies  Astatic  Crystal  Pickups  to  the  Special  Service 
Division  of  the  War  Department,  to  the  Nervy  Bureau  of  Personnel,  to  the 
Marines  cmd  other  branches  of  the  service  employing  phonographs  in  recrea- 
tioned  centers,  on  ships,  Icmding  croft,  cmd  other  places  where  instructive  cmd 
entertaining  recordings  are  broadcast.  Along  with  Microphones  and  other 
Astatic  products,  Crystal  Pickups  are  available  with  proper  priority  ratings. 


and  Photo  Equipment 

NOW  AVAILABLE 
to  essential  users 

•  WRITE  FOR 
FREE  PRICE  LIST 


SOMMERS 


CAMERA  EXCHANGE 

D*pf.  E..1410  New  York  Avc..N.W. 
Washington  5,  D.  C. 
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PERSPECTIVE:  Selecting  Insulated  Cable 
Requires  a  Multi-Dimensional  Approach 


This  3-diniensional  graph  illustrates  practical  fields 
of  usefulness  of  4  widely-used  types  of  cable  insula¬ 
tion.  Each  type  has  particular  characteristics  that 
make  it  suitable  for  definite  applications  —  but  at 
the  same  time  each  possesses  certain  limitations. 

The  pinured  values  show  the  present  maximum 
voltage,  frequency  and  temperature  limits  for  which 
these  four  insulations  are  commonly  used.  The  in¬ 
sulations  with  the  higher  values  can,  in  many  cases, 
be  used  as  alternatives  for  those  having  lower  values. 

Design  engineers  may  find  this  rather  unusual 
graph  helpful  in  selecting  a  cable  for  some  specific 
application.  The  problem,  however,  is  not  always 
as  simple  as  indicated  because  it  is  often  necessary 


to  obtain  cables  having  additional  characteristics 
not  covered  by  this  graph  —  such  as  resistance  to 
moisture,  oil,  chemicals,  flame,  etc. 

Actually  there  are  available  many  other  insula¬ 
tions  developed  through  Okonite  Research  —  such 
as  glass,  paper,  cambric,  rubber  and  many  syn¬ 
thetics  —  diat  cover  the  full  range  of  electrical  ap¬ 
plications.  Through  intensive  laboratory  and  long 
field  experience,  our  engineers  have  acquired  the 
over-all  perspective  that  can  help  you  select  the  one 
cable  best  suited  for  your  purposes  from  every 
angle.  Just  outline  your  problem  and  let  us  make 
recommendations.  The  Okonite  Company,  Passaic, 
New  Jersey. 


'tt'IC  6  M I T  E 

SINCE  1S7# 

INSULATED  WIRES  AND  CABLES 
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COMPACT 

SHOCKPROOF 


WRITE  FOR 


NEW  CATALOG 


SP  RELAY 


with  Phenolic  Base 


Especially  designed  for  communications  equipment  of  all  kinds,  radio* 
equipment,  aircraft  equipment  urd  other  applications,  SP  Relays  are  a 
general  purpose  relay  with  the  ability  to  withstand  shock  and  vibration. 
One-piece  phenolic  base  and  stationary  contact  support  is  resistant  to 
the  .corrosive  action  of  salt  water  and  weathering.  AC  and  DC  types. 


Princeton,  Indiana  r 


PERMANENT  MAGNETS 
MANUAL 


Froni  many  years  experience  in  the  pro¬ 
duction  of  ALNICO  permanent  magnets. 
The  Arnold  Engineering  Company  has 
prepared  an  authoritative,  up-to-date 
manual  of  valuable  information  on  the 
design,  production  and  application  of 
the  model ii  permanent  magnet. 


Ciontents  include  such  subjects  as  Magnet 
Materials,  Resistance  Comparisops,  Phssical  and  Magnetic 
Properties,  Demagnetization  and  Energy  Curves,  Fabrication, 
Design  and  Testing.  Charts  and  tables  illustrate  and  explain 
sarious  aspects  of  the  discussion. 


Recent  improt  emetits  hiti  e  opened  many  new  fields  for  per¬ 
manent  magnets  to  reduce  the  cost  and  improve  the  efficiency 
of  n^any  det  ices. 


\\  rite  today  for  your  copy  on  your  company  letterhead. 


Arnold  Fngineering 


I  n- Li  . . V . i 

y  147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS  / 

\  Specialists  in  the  Manufacture  of  A  LN  ICO  PERMANENT  MAGNETS 

_ ^ _ 


have  a  linear  rating  of  3  w,  V  and 
W  tapers  are  rated  at  2;  L,  N.  and 
U  tapers,  1.5  w.  Linear  resistance 
values  are  from  1  to  75,000"  ohms 
and  tapered  resistance  values  range 
from  10  to  50,000  ohms. 

Clarostat  Mfg.  Co.,  Inc.,  285 
North  .6th  St.,  Brooklyn,  N.  Y. 


Aircraft  Electrical 
Analyzer 

Practically  all  wiring  and  elec¬ 
trical  troubles  of  aircraft  can  be 
analyzed  and  located  by  a  compact. 


Ww 


lightweight,  portable  testing  unit 
which  can  be  used  for  checking 
open  circuits  and  shorts,  for  meas¬ 
uring  resistances  of  any  circuit  ele¬ 
ment,  and  for  testing  and  adjust- 


A  compact,  sturdy  torminal  strip  with 
Bakolito  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

4  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  21/2"  wide  and  P/g"  high  with 
'/l"-28  screws. 


Jones  Barrier  Strips  will  improve  as 
wall  as  simplify  your  electrical  intra¬ 
connacting  problems.  Write  today 
for  catalog  and  prices. 


HOWARD  B.  JONES  COMPANY 


2460  Watt  George  Street 
CHICAGO  18  ILLINOIS 
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A  diminwliva  audio  cempenonl  thof  i«- 
corporotM  unusual  <horac«aritllct  for 
such  a  compoct  unit.  A  typical  oxamplo 
of  N-Y-T  rotourcofuinass. 
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Many  "missions"  are 


•  I  I  -  wirfiai  I  -• 

aided  to  completion 
by  technicians  in  the 
N-Y-T  Sample  Dept. 


On#  of  Iho  many  officiant  powor  tront- 
formor  dosigns  that  con  ho  suppliod  in 
almost  any  voltoga,  fraquoncy  and  powor 
rollng  with  mountings  os  raqutrad 


Wh«th«r  the  mission  is  accomplished  by  the  Army, 
Navy  or  Air  Forces— or  is  in  itself  q  production  job  of 
Industry— the  result  attained,  in  all  probability,  hod  the 
backing  of  the  N*Y>T  Sample  Department’s  engineer* 
ing  stall. 

These  electronic  technicians  are  supplying  a  vital  part 
of  the  custom-designed,  specially-built  transformers  for 
leading  suppliers  of  electrically  controlled  or  operated 
apporatus  and  equipment.  Applicotions  covering  com¬ 
munications,  fire  control,  mechanisms,  locating  and 
directional  devices,  lighting  systems,  detecting,  naviga¬ 
tion,  meterology,  photo-electric  units,  and  a  host  of 
oth4r  equally  imperative  phases  of  the  war  effort,  are 
included  in  the  Victory-function  roster. 

Missions  will  not  terminate  when  hostilities  cease.  The 
myriad  of  peoce-ffme  problems  will  be  unending  .  .  . 

and  will  be  accomplished  by  N*Y*T  with  the  same  zeol 

•  *  ‘4 

and  thoroughness. 


This  30  V.A.  powar  troniformar  faoturat 
q  d0%  waighi  raductlea  evar  pravlout 
datignt.  Tamp,  rita  30*  C.  Ambiant 
—  65"  C  to  +  70*  C.  WalghI  8  ouncatl 


ing  voltage  regulators  and  reverse- 
current  relays.  The  unit,  complete 
with  all  accessories  weighs  approxi¬ 
mately  25  lb. 

United  Hydraulic  Mfg.  Co.,  Los 
Angeles,  Cal. 

Master-Cam  Lever-Switch 

A  NEW  MASTER-CAM  lever-switch 
(Model  MCL-CS)  is  designed  for 
use  in  electronic  and  communica¬ 
tions  equipment,  and  wherever  mul¬ 
tiple  circuits  must  be  controlled. 
The  switch  is  static-shielded  and 


A  cut  of  JELLIFF  .0008.  ALLOY 
"C"  WIRE  was  laid  upon  the 
above  square  ...  it  is  so  fine,  the 
camera  almost  missed  it. 

Below  is  a  microphoto  of  the  same 
wire,  enlarged  420  diameters  .  .  . 
a  sturdy  uniform  wire. 


non-corrosive.  The  positive  posi¬ 
tioning-cam  has  roller  detents 
which  eliminates  friction  and  con¬ 
tact  bounce.  Coil  springs  are  used 
on  both  sides  of  the  cam,  so  that 
equalized  pressure  is  assured  re¬ 
gardless  of  the  number  or  arrange- 


Wanted 

ENGINEERS 

•  Radio 

•  Chomical 

•  Eloctrical 

•  Eloctronlc 

•  Mochanical 

•  Motallurgical 

•  Factory  Planning 

•  Matorials  Handling 

•  Manufacturing  Planning 

Work  in  coaMctioii  with  th*  MaaMfoctHr*  of 
a  wid*  variaty  af  aaw  oad  advaaead  typas  | 
of  comaHiaieatioas  aqaipaiaat  aad  tpaelal 
aicctreaic  products. 

Apply  lor  writol,  giving 
toll  qoollHeotions,  to; 

C.  R.  L. 

EMPLOYMENT  DEPARTMENT 

Western  Electric  Co. 

100  CENTRAL  AV..  KEARNY,  N.  J. 

ApplicMft  mult  comply  with  WMC  rogulstioni 


if  Hundreds  of  thouscmds  of  these 
Clarostat  power  rheostats  are  now 
in  daily  use.  They  ore  standard 
equipment  in  planes,  radio,  elec¬ 
tronic,  and  industrial  equipment. 
They  ore  proving  that  "they  can 
take  it"— and  then  some. 

★  Write  for 
Literature . . . 


ELEC' 


RAOlO 


JNTERfHOME 


IMCREASE 


^offV  \vClume 


EXPERIENCE 
and  JVDOMENT 


TAANi. 


1  PHONES ' 2 


PHCMES 


Many  years  before  "Electronics"  blossomed  as 
the  wonder  child  of  a  post-war  world,  United 
Cinephone  Corporation  Engineers  were  putting  Elec¬ 
tronic  devices  to  work  for  industry;  devices  which 
were  practical,  rugged,  and  down-to-earth. 

Experience  has  shown  that  the  solution  of  problems 
in  Industrial  Electronics  usually  requires  the  merging 
of  Mechanical  engineering  with  Electronic  engineer¬ 
ing  to  the  fullest  extent  possible. 


MODEL  BRT 

AIRCRAFT  TRANSCEIVER 
A  typical  military  product  of 
United  Cinephone 
Corporation 


United  Cinephone  engineering  and  production 
facilities  hove  proved  valuable  in  many  important 
industrial  plants  in  connection  with  product  control, 
automatic  machine  operation,  operator  safety  and 
simplificofion  of  manufacturing  methods.  When  our 
responsibihties  as  a  Prime  Contractor  in  the  manu¬ 
facture  of  military  electronic  equipment  have  been 
fulfilled,  our  facilities  will  again  be  at  the  disposal 
of  industry. 


'radio  receiver-transmitter 
.  MODEL  BRT-I 
UNITtO  Clt<C««»E  CC«<POIMTWtl 

TOWHTOH  , 
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FIBRE 


FABRICATION 
DATA  BOOKLET 


ON  REQUEST. 

A 


/DATA  AND 
/INFORMATION 
/FOR  THE  CORRECT 
SPECIFICATION 
OF  PHENOL  FIBRE  & 
\  VULCANIZED 
\  FIBRE 


j¥Sl  Hm  prMi— Hi«  n«w  tAER  dMcriptIv*  bull«tinl  C«n> 
taint  foctaol,  conciM,  vltally-p«rtin«nt  data  for  Hm  Rbrt- 
fabrkoHwi  tpociflor  or  purchaser.  What  to  um  and  what 
not  ta  HM  for  your  particular  application,  from  the  stand¬ 
point  of  functional  o^ioncy,  torvico  dopondability  and  pro¬ 
duction  economy. 

Illustratod  with  tables  and  charts  for  quick  roforonco.  Write 
for  your  copy  now— «  note  will  bring  it  promptly,  •un.tin  «iao 


N.  S.  BAER  COMPANY 

^  ,  I  ,  T  crafstmen  in  fibre  fabrication 

9-n  N  MONTGOMERY  ST.,  HILLSIDE,  N  J 


food  m  yoor  efcos* 
sit  or  soocMcoHonf 
for  qootatloMt.  Wo 
oro  ready  to  moot 
yoor  dolly ory 
schodolos. 


New  Jig  Speeds 
Your  Radio  Assembly 

1)  Can  bo  loadod  and  unloadod  in  two  toconds. 

3)  Indoxod  360*  fixtaro  to  hold  chassis  in  any  position  to 
stop  up  soldoring  and  all  othor  attombly  oporotiont. 

3)  Adfuttablo  to  any  tixo  to  bato  limits  of  tho  Jig.  Comos 
in  various  tixot  or  wo  will  mako  Jigs  to  your  chassis  or 
spocificationt. 

4)  Sturdy,  rigid  construction. 

5)  Holding  adaptors  to  fit  your  chassis. 


ROBERT  L.  STEDMAN  MACHINE  WORKS 

SPECIAU^fS  IN  MASS  PRODUCTION  TOOLS 

OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


ment  of  contact  assemblies.  Afi 

4 

contacts  cim  be  removed  from  thb 

frame  by  removing  a  single  bolt. 

The  control  knob  can  be  supplied 

with  light  or  stiff  action.  Contact  > 

1 

rating  is  10  amps,  125  volts  a.c.. 

and  2  amps,  125  volts  d.c. 

i 

Genial  Control  Co.,  1200  Sol¬ 

j 

diers  Field  Rd.,  Boston  84,  Mass. 

! 

Mandrels 

i 

i 

This  manufacturer  has  extended 

i 

his  line  of  mandrels  so  that  ap¬ 

i 

proximately  750  different  types  are 

available  for  the  forming  of  round, 

j 

square,  and  rectangular  paper 

tubes,  used  as  coil  bEuses.  T^iese 

1 

mandrels  are  available  for  immedi¬ 

A 

ate  use  in  many  sizes,  shapes  and 

mm 

lengths,  and  any  ID  or  OD,  and 

H 

handle  kraft,  fish  paper,  cellulose 

i  1 

acetate,  or  combinations  of  these 

1 

materials. 

Precision  Paper  Tube  Co.,  2023 

W.  Charleston  St.,  Chicago  47,  III. 

Dummy  Tubes  and  Tube- 

Pin  Straighteners 

To  AID  RADIO  manufacturers  in  ob¬ 

taining  accurate  alignment  of  panel 

openings  and  contact  points,  minia- 

lain^  FIXED 
MDUIDED 
MKIUTC 

mmwHic 
mawRS 


All  Orders  Bearing 
Army  6  Navy 
Intpectiofl  of  Soerce 
Will  Be  Filled 
Wltftln  10  Days 
From  Dote  of  Order 

All  R.H.A.  or  A.B.A.  color  coded 

A  complete  itoek  is  rMdy  for  lm> 
mediate  shipment  of  saantltles, 
rantlns  from  900  to  9.000  sf  each 
capaclte  In  resalar  MICA  CA> 
PACIT0R8  In  5%,  10%  and  20% 
tolerance  and  silvered  MICA 
CAPACITORS  In  2%.  9%  and 
10%  tolerancM. 

Notice  to  Manufacturers:  Besides  our 
regular  stock  of  all  capacities  we  have 
in  stock  read;  for  immsdiats  delivtry 
at  all  times: 

10,000  OF  EACH 

.01  .006  .009  .002 

.001  .0008  .0005  .00025 

.0002  .0001  .00005 

In  regular  mica  foil  capacitors,  5  A 
10%  Tolerance,  manufactured  in  so- 
cordanc.  with  American  War  Stand¬ 
ards  to  meet  Army  and  Navy  Sped- 
flrationa. 


fOR  PRICE  SHEETS 
PSD  CO^RIETE  IRFORMRTION 

.BERTROffltNSTEiN 

^  135  LIBERTY  ST,  NEW  YORK  6.N  Y.  ’ 


SW 


Sepfember  f 944  — ELECTRONICS 


THE  VARIAC  . . .  the  originai  continuously  adjustfJble,  manually 
operated  a-c  voltage  control  .  .  .  has  these  features: 

•  SMOOTH  CONTROL  —  The  VARIAC  may  be  set  to  supply  any  predetermined 

output  voltage  with  absolutely  stepless  variation. 

•  HIGH  EFFICIENCY  —  Exceptionally  low  losses  both  at  no  load  and  at  full  load. 

•  HIGH  OUTPUT  VOLTAGES  —  VARIACS  supply  output  voltages  17%  higher  than 

•line  voltage. 

•  LINEAR  OUTPUT  VOLTAGE  —  Output  voltages  are  continuously  adjustable  from 

ZERO  by  means  of  a  320  degree  rotation  of  the  knob. 

•  SMALL  SIZE  —  VARIACS  are  smaller  than  any  other  voltage  control  of  equal 

power  rating. 

•  CALIBRATED  DIALS  —  VARIACS  are  supplied  with  reversible  dials  which  read 

directly  in  output  voltage  both  from  zero  to  line  voltage 
and  from  zero  to  17%  above  line  voltage. 

•  ADVANCED  MECHANICAL  DESIGN  —  Rugged  construction;  no  delicate  parts  or 

wires;  two  or  more  units  may  be  ganged  on  the 
same  shaft  for  multi-phase  operation. 


VARIACS 
are  made 
only  by 
eneral  Radio 


VARIACS  arc  stocked  in  nine  models  with  power  rat¬ 
ings  from  170  va  to  7000  va;  prices  range  between 
$10.00  and  $100.00. 

Because  all  of  our  facilities  are  <leTote<l  to  war  projects,  VARIACS 
are  available  at  present  only  for  War  work;  all  orders  must  hsTe  a 
priority  rating. 


•  WRITE  FOR  BULLETIN  8a3 
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|M6!MUS^ 

•  with  experience 
in  the 

DESIGN 
DEVELOPMENT 
PRODUCTION 
OF  AM  AND  FM 
RECEIYERI 

•  Also  Mechanical  Engineers 
and  Engineers  familiar  wifh 
Electro  -  Physical  Apparatns 
ond  Design 

W«  are  a  wall-astablishad  concarn 
located  in  New  York  City.  To  men 
who  are  qualified,  we  offer  a  most 
interesting  proposition.  You  will, 
of  course,  be  paid  a  good  salary. 
You  will  have  wide  range  of  ex¬ 
pression  due  to  our  progressive 
thinking  and  planning.  You  will 
work  with  engineers  who  have  con¬ 
tributed  much  to  radio  and  elec¬ 
tronics.  You  will  have  the  oppor¬ 
tunity  to  carve  out  for  yourself  a 
real  and  secure  future.  And  you 
will  not  be  hamstrung  by  "inside" 
politics.  Tell  us  all  about  yourself 
in  your  first  letter.  It  will  be  held 
in  confidence. 

P-706,  Electronica 

3S0  Weat  42nd  St..  New  York  18,  N.  T. 


m<U*daiiUHa 
SUSTAINED  HIGH-SPEED  L 
PRDDUCTION  DF 

RADIO-ELECTRONIC  PRODUCTS! 


CHASSIS 
UBINETS 
PANELS 
RACKS 


With  production  redoubled, -ICA  is  striding 
ahead  of  schedule — delivering  Radio,  Sound, 
and  Electronic  Products  to  the  Armed  Forces. 

At  the  same  time,  we  are  planning  ahead, 
and  therefore  suggest  that  you  get  the  com¬ 
plete  ICA  picture  now.  Write  for  48-page 
Catalogue  and  8-page  Brochure  describing 
our  products  and  manufacturing  facilities. 

Illustrafed:  ICA  Antenna  Installations 
are  in  wide  use  in  the  Armed  Forces 


CORPORATION  Of  AMERICA 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N.y! 


ture  dummy  tubes  and  tube-pin 
straighteners  are  available. 

Stainless  steel  pins  are  used  in 
the  dummy  tubes,  which  are  used  to 
hold  socket  clips  in  correct  align¬ 
ment  during  wiring.  The  tube-pin 
straighteners  are  available  with 
either  .hardened  tool  steel  inserts 
(for  factory  use)  or  with  stainless- 
steel  inserts  (where  greater  resist¬ 
ance  to  corrosion  is  desirable). 
Body  and  posts  are  plated  with  cad¬ 
mium.  Inserts  are  replaceable. 
Both  the  tubes  and  tube-pin 
straighteners  meet  requirements  of 
the  WPB  Sub-Committee  on  minia¬ 
ture  tube  standards. 

Robert  L.  Stedman  Machine 
Works,  Oyster  Bay,  Long  Island, 
N.  Y. 

Disconnect  Terminals 

• 

Quick  access  to  contacts  of  small 
switches  is  facilitated  by  the  use  of 
solderless  knife-disconnect  termi¬ 
nals.  Switches  which  have  tabs  ex¬ 
tended  from  the  contact,  to  which 
the  external  connections  are  sol¬ 
dered,  may  be  converted  readily  to 
quick-disconnection  switches  with¬ 
out  affecting  the  housing  or  any 


352 


September  1944  —  ELECTRONICS 


f 


sllCS 


♦  Units  illustrated  are  designed  for  maximum  intelligibility  through  high 
noise  levels  plus  economy  of  installation.  Recommended  for  areas  where 
wide  angle  distribution  of  high  frequencies  are  necessary.  Complete  tech¬ 
nical  bulletins  describing  the  above  upon  request. 


Typ»  2&-B  is  designed  for  voice  repro¬ 
duction  when  us^  by  itself.  Also  an 
excelleni  high  frequency  component 
to  a  wide  range  system.  Provides  uni¬ 
form  distribution  over  horizontal  angle 
of  120°  and  vertical  of  40°.  Handles 
power  input  of  40  watts  when  equipped 
with  two  Jensen  U-20  drive  units.  22'* 
wide,  \4Vi"  deep,  20"  high. 


Type  24-A  is  primarily  an  outdoor 
speaker.  At  50  watts  input  produces  a 
sound  level  of  +  94  db.  (Zero  refer¬ 
ence  level  lO*'*  watts  per  cm*)  at  1(X)  ft. 
distance  on  the  axis  of  horn.  Two  or 
four  Jensen  U-20  drive  units  allow  a 
maximum  of  50  1(X)  watts  input. 
38"  long,  26"  wide,  bell  diameter  25". 


Type  L-360  is  designed  for  360°  hori¬ 
zontal  coverage  and  40°  vertical  with 
uniform  frequency  and  power  diitri- 
bution.  Handles  power  input  of  20 
watts  when  equip^  with  a  single  Jen¬ 
sen  U-20  drive  unit.  23"  in  diameter 
overall;  weight  25  lbs. 


The  Lang  evitt  Com  pa  n  u 

INCORPORATED  # 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W.  65  Sf.,  23 


SAN  FRANCISCO 
1050  Howard  St.,  3 


LOS  ANGELES 
1000  N.  Seward  St.,  38 


IF  irS  "ELECTRONICS" 
GIVE  BUD  YOUR  SPECS 


If  it's  Electronic  Equipment  you  are  manufacturing,  specify 
BUD  precision  parts  and  be  sure  of  utter  dependability  and 
accuracy.  Get  our  complete  catalog  of  BUD  precision  radio 
and  electronic  equipment.  It's  yours  for  the  asking. 


m  BUD  RADIO.  INC 


Hibsiloi 

IlitictiKMCowcn 


Mikiiukikiku 


Gibson  ECectric  Gohphnv 


8361  pTAnktiown  Av«.  PiHsburqh  21,  Pa. 


j  switch  parts  other  than  the  contact 
members.  Switches  which  have 
screws  or  binding  posts  for  external 
connection  may  also  be  converted.' 
These  terminals  may  also  be  used 
as  a  soldering  tab  for  emergency 
repair  or  replacement,  where  splic¬ 
ing  terminals  are  not  available  on 
theexternal  leads, or  a  solderless  con¬ 
nection  may  be  made,  if  desirable. 

Aircraft-Marine  Products,  Inc., 
1591-B  North  4th  St.,  Harrisburg, 
Pa. 

Voltage  Regulator 

This  a-c  voltage  regulator  (Type 
TH  Transtat)  is  a  rotating  trans- 
former-type  device.  It  is  designed 
for  use  by  manufacturers  of  small 
apparatus.  Features  include  a  brush 
arm  which  is  an  accurately-ma¬ 
chined  die-casting  permitting  good 
heat  dissipation,  and  a  simple 
means  of  changing  brushes.  It 
protects  the  commutator  against 
short-circuiting  contact  with  the 
brush  holder.  The  shaft  is  inde¬ 
pendent  of  the  brush-arm  assembly 
and  the  unit  can  be  quickly  changed 
from  panel  mounting  to  table 
mounting,  or  gapged  with  other 


Unusual  Contact  Designs 


^  ^  ARt  NOT 
UNUSUAL 


25^  Times  Actual  Size 
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★  While  war  necessity  does  not 
permit  release  of  information 
covering  operational  details  we 
can  present  this  illustration  as 
an  example  of  unusual  design  of 
electrical  contacts  being  produced 
in  our  plant.  It  is  a  coin  silver 
contact  ring  for  use  on  an  assembly 


of  special  ceramic  parts  and  made 
expressly  for  Stupakoflf  Ceramic  & 
Manufaauring  Company,  Latrobe, 
Penna.  This  contact  is  being  man¬ 
ufactured  in  large  quantities  by 
punching,  forming  and  butt-braz¬ 
ing,  with  tolerances  held  to  i.OOl" 
on  1.  D.  and  +.002"  on  width. 


STATISTICIAN  j 

Wanted 

preferably  a  B,  S.  or  B.  A, 
in  ECONOMICS 

Must  have  some  back¬ 
ground  in  market  re-  | 
search  and  writing  re-  I 
ports.  I 

An  excellent  post  war 
future  for  a  capable  man  ; 
in  the  radio  division  of  i 
this  internationally  known 
company.  i 

I 

Essential  workers  | 
need  release 

FEDERAL 

TELEPHONE  &  RADIO  CORP.  : 

Tfte  mfg.  unit  of  tfce  I.  T.  &  T. 

39  Central  Av«.,  East  Newark,  N.  J. 


IMPORTANT  ^  ^  ^ 


During  our  many  years  of  service  to  indxistry  in 
desi<jning  and  manufacturing  permanent  magnets, 
we  hove  conducted  hundreds  of  tests.  From  the 
result  of  these  tests  we  hove  been  able  to  plot  charts 
and  nomographs  for  taking  much  of  the  guess  out 
of  magnet  design. 

The  one  shown  above — "Typical  Demagnetization 
and  Energy  Product  Curves" — is  used  constantly  by 
our  own  engineers  in  designing  magnets  from  the 
various  proved  alloys.  If  you  ore  designing  your 
own  magnets,  these  curves  should  be  useful,  par- 
Ucvtlorly  os  they  ore  accompanied  by  on  instructive 
pamphlet — "Permanent  Magnet  Design". 

Send  for  the  chart  and  pamphlet.  Try  designing 
your  maanets.  We'll  be  alad  to  check  your  results. 

CINAUDAGRAPH  CORPORATION 

2  Selleck  St.  Stamford,  Conn. 
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Send  for  the  chart  shown 
above:  also  for  a  copy  of 
"Permanent  Magnet  Design" 


CINAUDAGRAPH 

CORPORATION 


> 


units  for  polyphase  or  simultaneous 
single-phase  control.  Accidental 
lead-shorting  is  prevented,  and 
high  dimensional  conformance  is 
assured  by  the  use  of  phenolic 
thermosetting  plastic  parts.  Other 
features  include  vinylacetal  insu¬ 
lated-wire,  impregnation  of  core 


Here  is  an  example  of  "DIE-LESS  DUPLI¬ 
CATING"  typical  of  a  great  variety  of 
formed  parts  readily  made  with  DI-ACRO 
Precision  Machines, — Benders,  Brakes, 
Shears.  Picture  below  shows  an  acute  right 
angle  bend  and  photograph  above  shows  the 
finished  part  formed-to  die  precirion.  Women 


“Enclosed  pictures  in  our  plant  prove  the 
DI-ACRO  Bender  will  do  a  real  production  job. 
We  are  making  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.” 
(Name  on  request) 


operating  DI-ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  “DIE- 
LESS  DUPLICATING.”" 

Praaa— sad  "DIE-ACK-RO" 


and  coil  with  a  synthetic-phenolic 
resin  varnish  of  the  polymerizing 
type,  corrosion-resistant  fittings, 
and  a  new  dual  mounting  arrange¬ 
ment  for  open  delta,  three-phase 
control  that  reduces  space  require¬ 
ments. 

American  Transformer  Co.,  178 
Emmett  St.,  Newark,  N.  J. 


SELF-LOCKING  SET  SCREWS 
Hold  Against  All  Vibration 

For  assured  dependability,  use  "UNBRAKO"  Self- 
Locking,  Hollow  Set  Screws  with  the  KNURLED 
POINTS. 


Past  performances  over  long  periods  in  a 
vast  variety  of  applications  have  marked 
"UNBRAKO"  Knurled  Point  Hollow  Set 
Screws  as  uniquely  SATISFACTORY,  be¬ 
cause  they  won't  shake  loose— come  Hell 
and  high  water.  They're  strong  and 
hard  .  .  .  their  hex  socket  won't  round 
. .  .  and  they  positively  stay  put. 

The  Knurling  of  Socket  Screws  Originated 
With  "UNBRAKO"  Years  Ago. 

OVER  40  YEARS  IN  lUSINESS 


Plug  in  for  A.C.  or  6- 
volt  auto  battery;  no 
power  pack  necessary. 
Uses  mike  and  built-in 
phono  at  same  time. 
78  RPM  motor,  9- 
inch  turntable,  crystal 
pick-up,  separate  on- 
off  switch.  Long-play¬ 
ing  needle  included. 
Continuously  variable 
tone  control  on  in¬ 
clined  eye-level  con¬ 


trol  panel.  Use  one  or 
two  8-obni  speakers 
without  need  of  extra 
transformer.  Has  one 
6SJ7GT,  one  6SC7. 
two  6L6Gs  in  push- 
pull,  two  6X5GTs. 
Model  6720,  with 
tubes,  F.O.B.  New 
York  $56.28 
Model  6721,  same  as 
6720,  less  phono  play¬ 
er  $12.87 


Tha  "UNSRAKO” 
Hollow  Sat  Scraw 
With  Knurlad  Cup 
Point. 

Rat’d.  A  Pat!.  Pend. 


Sand  for  tha  "UN¬ 
BRAKO"  C:atalog 
of  Scrawl. 


BOSTON  DETROIT  INDIANAPOLIS  CHICAGO  ST.  LOUIS  SAN  FRANCISCO 


fH 


MODEL  MCL-CS 


General  Control  Company,  the  original  cam  lever  switch  specialists, 
are  pleased  to  announce  two  new  cam  lever  switches.  The  new  Model 
MQ-CS  is  similar  in  design  to  the  well-known  Model  MCL-FS,  except  thot 
coil  springs  are  used  instead  of  flat  springs  to  assure  longer  life  and 
equalized  pressure  on  both  sides  of  the  cam,  regardless  of  the  number  or 
arrangement  of  contacts  on  each  side  of  the  switch.  Also  it  can  be  supplied 
with  either  light  or  stiff  action  on  the  control  knob  to  suit  your  requirements. 
'This  model  is  rated  at  10  amperes,  125  volts  A.C.  and  is  outstanding  for 
long  life  and  dependability. 


T  he  new  Model  MR  Rotary  Cam  Lever  Switch  is  designed  for  one  to 
six  index  positions.  It  Alls  a  definite  gap,  and  a  definite  need,  in  the  multiple 
contact  switch  field.  With  the  new  Rotary,  any  combinaHon  of  contact  ar¬ 
rangements  can  be  used  in  each  of  the  six  positions.  It  is  adaptable  to 
actuate  practically  any  number  of  drcuits  in  sequence  (or  repeat)  with  the 
convenience  of  a  single  cpntrol  knob.  Its  unique  construction  provides  such 
features  as  circular  cams  for  locating  from  one  to  five  low-friction,  roller  spring 
actuators  on  each  cam.  A  single  hole  only  is  required  for  mounting,  and 
contacts  in  any  section  can  be  removed  from  frame  by  removing  a  single 
bolt.  This  switch  can  be  easily  rearranged.The  Rotary  is  rated  at  10  amperes, 
125  volts  A.C. 


MODEL  MR  ROTARY 


QINtR 


<Sd^HT«  01se0Klf»A  tf  P  R  O  OU  CYS 


MODIL  MCL-FS 

Sam*  cotalruction  oi  MQ- 
CS  •xwpl  with  flat  tprinsi 
for  prMsure  on  caim. 
Conl^  pouiblRtioi  or* 
unBmitod. 


% 


MODIL  MCL-MT 

Now  under  development 
for  oiraoft  and  oilier  light 
duty  appKcotiora.  The  light¬ 
est  swilA  of  its  type  in  the 
field. 


MANUALLY  OPERATED  (FOOT)  SWITCHES 
These  switches  relieve  the  machine  operator,  pre¬ 
vent  fatigue,  increase  production  and  safety.  The 
3S  types  cover  every  application.  Send  for  cata¬ 
log  No.  441. 


GENERAL  CONTROL  COMPANY 

1202  SOLDIERS  FIELD  ROAD,  BOSTON  34,  MASS. 
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COMPLETE  CIRCUIT 

PROTEGION 

requires  Fuse  Clips  especially 
engineered  to  the  multitude  of 
to<kiy’$  services. 


FUSE  CLIPS 

PHOSPHOR  BRONZE  •  BERYLLIUM 
COPPER,  SILVER  PLAHO 

In  aircraft,  communications,  in* 
dustry,  electronics,  electrical  prod¬ 
ucts— from  most  delicate  meters 
to  high  voltage  services,  Littelfuse 
solves  the  problem  with  new  im¬ 
provements. 

Exclusive  Littelfuse  design  and 
forming  effect  contact  over  largest 
possible  area.  Results:  Extra  tight 
grip— maximum  electrical  con¬ 
duction-less  heat  produced  — 
panel  board  and  switch  temper¬ 
atures  reduced— loss  of  clip-tem¬ 
per  prevented  — spring  qualities 
retained  much  longer. 

Whatever  your  fuse  clip  require-  j 
ments,  Littelfuse  will  be  glad  to 
counsel  with  you. 


I 

Littelfuse  equipment  on  Pan  j 

American  Clipper.  Courtesy  of  Pan 

American  Airways  System.  ' 

LITTELFUSE  INC.  | 

200  Ong  Siraat,  El  Mont*,  Calif. 

4757  Rovancwood  Av*.,  Chicago  40,  III-  | 
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for  Sub-Chassis  Mounted 
Glass  Tubes 


THE  BIRTCHER  CORPORATION 


Manufocturers  of  AIRCRAFT 
and  RADIO  PARTS 
5087  HUNTINGTON  DR.  LOS  ANGELES  32 


BiRTCHSR 

STAINLESS  STEEL 
LOCKING  TYPE 

TUBE 

CLAMPS 

\/C!  ! 


Comparison  Bridge 


To  Serve  You  Better 

AN  ALTERNATE  SOURCE 
OF  GENUINE  BIRTCHER 
TUBE  CLAMPS 

• 

Prompt  Delivery 

• 

We  ore  fully  licensed  to  manufacture 
the  complete  BIRTCHER  line  of  locking 
type,  stainless  steel  tube  clamps.  Orders 
placed  with  us  for  prompt  delivery  using 
BIRTCHER  part  and  identification  num¬ 
bers  will  be  filled  at  prices  as  favorable 
as  those  to  which  you  ore  occustgined. 
All  clamps  will  be  identical  with  those 
manufactured  by  the  Birtcher  Corpora¬ 
tion. 


I  mems.  THOMPSON 

I  CORPORATION 

j  5240  HUNTINGTON.  DR. 

LOS  ANGELES  32,  CALIF. 


For  speedy  testing  of  resistors,  ca¬ 
pacitors  or  inductors  in  terms  of 
ohms,  microfarads  or  henries,  re¬ 
spectively,  the  T3rpe  LB  direct-indi¬ 
cating  comparison  bridge  may  l>e 
used.  Ck)mponents  under  test  are 
connected  one  by  one  to  terminals 
and  are  then  rejected  or  passed. 
Components  outside  the  limits  set 
up  (limits  may  be  set  with  any 
combination  of  high  or  low  value, 


SPECIAL-PURPOSE  BATTERIES.  The  battery  needed  to  operate  the  “Handie-Talkie”  was 
developed  by  Burgess  engineering  research  to  give  dependable  service  wherever  the 
Army  goes.  Burgess  engineers  are  constantly  creating  new  special-purpose  batteries, 
and  new  uses  for  standard  batteries.  Let  them  solve  your  portable  power  problems. 
Write  about  your  specific  needs,  or  send  coupon  below  for  free  Engineering  Manual, 


80-PAGE  ENGINEERING  MANUAL! 


25  charts  and  36  data  tables  on  characteristics  of  dry  batteries  for 
electronic  applications.  Also  31  descriptive  pages.  Tabbed  for 
ready  reference.  Write  Dept.  9  for  free  copy.  Burtfess  Battery 
Company.  Freeport,  lllinoiit. 


BURGESS  BATTERIES 


Constant-V  oltage 
Transformer 


Illustrated  below  is  a  small,  com¬ 
pact  unit  in  a  hermetically  sealed 
case,  designed  for  chassis  mount¬ 
ing.  Rated  at  6.3  v,  17  va  output, 
this  constant-voltage  transformer 
will  maintain  that  value  within  ±  1 
percent  regardless  of  line-voltage 
variations  as  great  as  =t=  12  to  15 
percent.  This  unit  is  especially 


Multi*Output  Dynamotor 


This  piece  of  equipment  is  de¬ 
signed  to  save  space  and  battery 
current  in  mobile  applications,  par¬ 
ticularly  where  a  transmitter  and 
a  receiver  are  used.  The  dynamotor 
is  capable  of  delivering  simultan¬ 


eously  as  many  as  three  separate 
outputs.  For  instance,  it  is  possible 
to  obtain  6.3  volts  a.c.,  “B”  power 
for  the  receiver,  and  also  high  volt- 


A  POWERFUL  HANDFUL,  capable  of  calling  tanks  and  planes  for  support  or  attack, 
the  “Handie-Talkie”  is  the  electronic  answer  to  modem  warfare’s  demand  for  a  light, 
compact  communication  unit.  Lightweight  Burgess  Batteries  give  the  “Handie-Talkie” 
necessary  energy  to  operate  under  all  conditions  and  in  any  climate. 


capacitance,  between  0.0001  to  1.0 
mfd ;  resistance,  between  2000  ohms 
and  20  megohms;  inductance,  be¬ 
tween  5  and  50,000  henries.  The 
slidewire  is  uncalibrated.  External 
standards  are  used.  The  instrument 
comprises  a  main  unit  which  meas¬ 
ures  7x8x5*  in.,  and  a  separate 
meter. 

Industrial  Instrument,  Inc.,  17 
Pollock  Ave.,  Jersey  City,  N.  J. 


PORTABLE  POWER  PROBLEMS 


THIS  MONTH-SIGNAL  CORPS'  'HANDIE-TALKIE 
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^eUuMecU 

FLOCK 

HAS  MANY  USES 
IN  RADIO 


'  You'll  find  Cellusuodo  Flock  on  ideal 
matarial  for  coating  wire  grills,  cabinet 
interiors,  cabinet  bases  and  phonograph 
tumtablas-~it‘s  practical,  economical,  and  has  a  high  accoustical  value. 
The  soft  suada,  velvet  or  valour  effect  will  also  enrich  the  appearance  of 
your  product  at  low  cost.  Rayon  or  Cotton  Flock  is  furnished  in  a  wide 
assortment  of  colors.  No  rationing  ...  no  priorities  ...  no  delay.  . 


Writ*  for  Color  Card, 
Samples  and  Prices 


y^epend  on  jj  iamond 


IN  WAR 

We  are  manufacturing  to  the  toughest 
specifications  of  the  armed  forces  and 
are  producing  cordage  to  their  satis¬ 
faction. 


IN  PEACE 

We  shall  produce  the  type  and  quality 
of  cordage  you  must  depend  on  for 
your  electrical  appliances. 


A  Complete  Plant  from  Copper 
Drawing  to  Assembled  Cords! 

I^SI^  Diamond  Wire  &  Cable  Co. 

I  Chicago  Heights,  Illinois 

I  Manufacturers  of  electrical  flexible  cord,  cables,  and 
I  instrument  wires  for  radio  and  appliances. 


AC  TIMING  MOTOR 

Available  4SO  RPM 
(ar  laalcr)  to  I  REV. 
fcr  Btonlbi  Biaaa. 
faclared  to  yoor 
•pcciae  vohage. 
I^laeoejr,  speed 


J.IME  IS  PRECIOUS- 
PLAN  TODAY  FOR 
TOMORROW 

Timing  is  vital  today— indispen¬ 
sable  tomorrow! 

Compact,  rugged  and  with  ex¬ 
treme  flexibilily,  Haydon  timing 
motors  lead  the  field.  Manufac¬ 
tured  to  your  specific  voltage, 
frequency,  speed  and  torque  re¬ 
quirements,  they  are  available 
with  brake  for  instant  stop  — re¬ 
versible,  and  with  shift  device  for 
automatic  reset. 

Whatever  Your  Timing  Problems 
May  Be . . .  our  timing  engineers 
are  ready  and  willing  to  help  you 
solve  them  — Just  drop  a  line  to 
our  Timing  Engineering  Serviee 
Department. 


At  mtJnr,  of  thm 
mott  eompieto  lino  of 
Synehronout  Timimg 
Jiotort,  Hoydon 
Mamofaeturlng  Coot- 
ofort  a  coat- 

afato  TtMING  ENGl- 
MEEtUNG  SiFRyiCB 


M  A  N  U  r  A  C  T  V  n  I  N  G 
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suitable  for  use  in  stabilizing  elec¬ 
tron-coupled  oscillator  circuits. 
Electronic  equipment  in  which  this 
transformer  is  included  does  not 
require  filament  voltmeters  or 
manual  filament-voltage  controls. 

Bulletin  DCV-102  describes  this 
and  other  new  designs  of  trans¬ 
formers  available  from  the  manu¬ 
facturer,  Sola  Electric  Co.,  2525 
Clybourn  Ave.,  Chicago  14,  Ill. 


HERMETICALLY  SEALED 
SeHdiiiae  RELAYS 


Impluee-Initiated  Timer* 

Type  PSEH-1  timers  can  be  sup¬ 
plied  for  a-c  operation  on  110  or 
220  V,  60  cycles  or  25  cycles ;  or  for 
d-c  operation  at  any  specified  volt¬ 
age  from  6  to  120*  v.  Typical  units 
measure  3i  x  3§  x  3i  in.  Contact  op¬ 
eration  occurs  at  the  end  of  a  delay 
interval  after  power  has  been  ap¬ 
plied,  or  after  receipt  of  a  momen¬ 
tary  impulse  from  a  pushbutton) 
limit  switch,  or  other  source.  The 
adjustable  timing  range  is  20-to-l, 
and  the  mechanism  is  immediately 
recycling.  A  built-in  DP,  DT  auxil¬ 
iary  relay  provides  a  variety  of  cir¬ 
cuit  arrangements  common  to,  or 
isolated  from,  the  control  circuit. 

Struthers-Dunn,  Inc.,  1321  Arch 
St.,  Philadelphia  7,  Pa. 


Pivot  Type  Ball-Bearings 

Pivot  type  ball-bearings  are  avail¬ 
able  in  sizes  ranging  from  2  to  10 
mm  O.D.  They  are  made  of  beryl¬ 
lium,  stainless  or  chrome  steel. 
Each  bearing  is  equipped  with  four 
balls  of  the  same  material  as  the 
cup,  and  fitted  with  a  retaining  cup. 

Miniature  Precision  Bearings, 
Keene,  N.  H. 


The  4R  and  5R  Relays  may  now  be  obtained  hermetically  sealed.  Truly 
proof  against  fungus,  humidity  and  other  tropical  hazards  —  capable 
of  withstanding  ambient  temperatures  from  —50°  to  +90°  centigrade. 

Exposed  insulation  is  glass.  The  assembly  is  permanently  sealed  with 
solder.  Plug-in  mounting  or  lugs  for  permanent  or  semi-permanent  in¬ 
stallation.  Tie-down  lugs  for  either  type  if  desired. 

Remember —  For  Slatiomary  Operation.  For  Aircraft  Applications,  etc. 

Typt  4  requires  6  to  12  mw  Type  4  requires  30  to  SO  mw 

—IS  very  fast  operating  Type  5  requires  about  5  mw 

Type  S  requires  0.5  mw  — is  most  stable  as  to  ad* 

— IS  slower  than  type  4  iustment. 

— withstands  severe  shock 
(500  g’s)  without  damaae. 


Triple- Action  Locknuts 
and  Fasteners 

The  main  feature  claimed  for 
Type  6NAO  Palnut  locknuts  and 
fasteners  is  a  triple  locking  action. 
The  sides  have  been  extended  and 
the  ends  of  the  petals  are  turned 
in,  leaving  a  hole  in  the  top  slightly 
i^maller  in  diameter  than  the  out¬ 
side  diameter  of  the  bolt.  When  the 
bolt  extends  through  the  top,  it 
forces  the  top  open  so  that  a  strong 
spring  pressure  is  exerted  on  the 
bolt,  resulting  in  a  triple  grip.  Be¬ 
cause  this  spring  tension  is  con¬ 
stant  and  will  hold  the  nuts  in  any 
d.'sired  position  on  the  bolt  regard- 
1' ss  of  vibration,  this  type  of  nut 
niay  be  used  as  an  adjustment  nut 


for  complete  informa- 
stating  jonr  problem. 
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PEAK  EFFICIENCY. . . . 
LONGER  LIFE 
for  Electronic  Equipment 


CeSTRIFUGAL 

BLOWERS 


FRACTIONAL  H.  P. 

MOTORS 


WORKS  FOR  WAR.. 
PLANS  FOR  PEACE 


FINE  COMMUNICATIONS  EQUIPMENT 


'f/e/vj 


Pyroferric  Co. 

^175  VARICK  I  STREET  NEW  YORK,  1 4,  N.  Y 


Eliminate  set  generated  heat  and  you  get 
not  o  n  ly  peoA  eflF/crency  b  ut  fonger //Fe  too 
from  all  components  parts  in  elec- 
7^  tronic  equipment.  Pilot  Blowers 

are  proving  this  for  leading 
.  manufacturers  in  this  field.  Easy- 
to-install — compact — quiet 
running — economical . . .  these 
are  the  features  which  make 
I '  Pilot  Blowers  ideal  for  the  im- 

L  portant  job  of  air  circulation 

I  and  ventilation  in  Radio  equip¬ 
ment.  Available  in  standard 
models  to  move  from  15  to  110 
^  C.F.M.  Write  for  Bulletin  507  today! 

F.  A.  SMITH  MFG.  CO.,  INC. 

•01  DAVIS  ST.,  ROCHESTER  5,  N,  Y. 


We're  thinking  about  you,  too, 
I^Mr.  Radio  Amateur,  and  we're 
F  planning  for  your  return  after 
Victory.  R.M.E.  engineers  have 
I  your  tomorrow's  radio  equip- 
l^ment  on  the  drafting  tableland 
f^you're  going  to  like  it!  New 
features— improved  design— bet¬ 
ter  performance— gained  from 
war's  research.  Stand  by  for 
your  R.M.E.  receiver. 


'  powcfered  nief^f 

develop::;;, Wfel 
'^'^1  high 

desired  FREQUENCY  f 
vv  ^  j  medium 

^  I  **•**"■“ - 


resistance  J 

5"‘*l«  Fyr.,.,ri. 


I 


\ 


wafers,  the  basic  unit  makes  a  re¬ 
lay  providing  a  great  variety  of 
contact  arrangements  adaptable  for 
spaced  wafer  switches,  or  switches 
in  separate  compartments.  Where 
switch  wafers  are  not  used,  a  spe¬ 
cial  self-contained  coil  break- 
switch  is  provided.  The  unit  meas¬ 
ures  2i  X  li  X  i  in. 

Price  Brothers  Company,  Fred¬ 
erick,  Md. 

Coaxial  Plugs  and  Jacks 

To  MAKE  SOLDERING  of  coaxial  plugs 
and  jacks  an  easy  and  out-in-the- 
open  job,  these  plugs  and  jacks  are 
built  with  sliding  sections  so  that 
they  can  be  quickly  disassembled. 
The  conductors  to  be  soldered  are 


Officlol  U.  S.  Navy 
Photograph 


CHICAGO  TRANSFORMER 

DIVISION  Of  ESSEX  WIRE  CORPORATION 

3  5  01  WEST  ADDISON  STREET 

CHICAGO.  18  ^ 
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'ctrical  contacts,  and  mechan- 
'^avel-limits. 

Type  6NAO  nuts  may  also  be 
used,  because  of  their  light  weight, 
on  bolts  holding  together  parts 
made  of  glass,  plastic  and  other 
such  materials,  where  a  resilient 
fastening  is  required  that  can  be 
tightened  without  danger  of  frac¬ 
turing  relatively  brittle  materials. 
Another  feature  of  these  Palnuts  is 
that  they  are  all-metal  and  will 
therefore  withstand  high  temper¬ 
atures. 

The  Palnut  Co.,  77  Cordier  St, 
Irvington,  N.  J. 

Rotary  Relay  • 

Ro-Trol  is  a  new  type  of  relay 
which  operates  on  a  rotating  bal¬ 
ance  principle.  It  is  designed  espe¬ 
cially  for  applications  involving 
severe  vibration,  temperature  and 
humidity  specifications.  The  basic 
unit  is  a  compact  driving-mechan¬ 
ism  providing  up  to  80  deg  of 
clockwise  or  counter  clockwise  ro¬ 
tation.  When  used  to  operate  switch 


TRANSFORMERS 
HELP  THEM  WIN! 

Ail  important  to  a  Task  Force  are  the  many  and  va¬ 
ried  electrical  units  that  play  such  a  vital  part  in  the 
operating  and  coordinating  of  both  ships  and  planes. 

One  factor  common  to  all  these  units  is  the  need 
of  an  unfailing  source  of  Proper  Power— the  Hermet¬ 
ically  Sealed  Transformer. 

Chicago  Trartsformer  designs  and  manufactures 
transformers  that  more  than  meet  the  rigid  standards 
set  for  equipment  of  this  type. 


I 


electronic 
controls  or 
assemblies? 


If  electronic  devices  or  sub- 
assemblies  in  quantity  are 
among  your  postwar  needs, 
perhaps  our  broad  experi¬ 
ence  in  their  development 
and  manufacture  is  the  an¬ 
swer!  Your  inquiries  will 
not  obligate  you  in  any  way. 


Coamertkil  Broadcast^ 
Polke  Work 
Signal  Corps  Air  Imes 
Ordaaace  Plaits 

To  be  sure  for  years  ahead 
-be  sure  to  specify  Win- 
charger  Antenna  Towers. 


easily  exposed  by  removing  one 
screw  and  sliding  the  sections  apart 
with  the  fingers.  It  is  not  neces¬ 
sary  to  solder  through  a  window. 
These  plugs  and  jacks  are  machined 
from  bar  brass  and  have  positive 
connection  between  outer  conduc¬ 
tor  and  inner  conductor.  The  inner- 
conductor  contacts  are  silver  plated 
for  maximum  conductivity.  My- 
calex  is  used  as  insulation. 

Andrew  Co.,  363  East  75th  St., 
Chicago  19,  Ill. 


'  You  can  count  on 
Wincharger  Anten¬ 
na  Tov/ers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
I  Wincharger  Anten- 
'  na  Towers  are  being 
used  for: 


WinchargerVertical  Radiator 

NINCNARGE*  CORrORATION  SIOUX  CITT.  IOWA 


Fungus-Proof  Resistors 
and  Switches* 


Fixed  wire- wound  resistors  ( Akra- 
Ohm),  and  switches  which  have 
been  treated  with  anti-fungus  mate¬ 
rials  and  which  meet  Signal  Corps 
Specification  No.  71-2202A  are  avail¬ 
able  without  any  manufacturing 
delay  occasioned  by  this  special 
treatment. 

Shallcross  Mfg.  Co.,  Collingdale, 
Pa. 


Aircraft  Push-Pull 


Circuit  Breaker 
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Klixon  D-6751  designates  a  new 
aircraft  circuit  -  breaker  which 
makes  use  of  a  push-pull  feature  to 
permit  the  opening  of  the  circuit 
breaker  manually.  Thus  mainte¬ 
nance  and  repairs  to  a  circuit  can  be 
accomplished  without  de-energizing 
the  entire  power  system.  A  delib¬ 
erate  pull  is  required,  and  the  off 
position  is  retained  safely  against 
accidental  tripping  when  operating 
adjacent  switches.  The  push-pull 
button  travels  outwardly  approxi¬ 
mately  i  in.  upon  tripping  and  ex- 


Amng  oor  present  products  are 

•  Electronic  Seunci  Device!  •  inter¬ 
communicating  Systems  •  Industrial 
Voice-Paging  and  Broadcasting 
Equipment  •  Permanent  and  Port¬ 
able  Amplifying  Systems  •  Record¬ 
ing  and  Disc-Playing  Units  •  Elec¬ 
tronic  Controls  •  Operating 
Sequence  Recorders  •  Other 
Special  Electronic  Devices. 


BELL  SOUND  SYSTEMS,  INC. 


1189  Essex  Ave.,  Columbus  3.  Ohio 

Export  Off.  4900  Euclid  An..  CImland  3,  Ohio 


SIOUX  CITY.  IOWA 


THE 

INSTANT  COURIER 


(Transmits  pictured  messages 
by  radio  or  wire) 


For  the  present.  Finch  manu* 
facttiring  facilities  are  being 
devoted  to  special  radio  ap¬ 
paratus  for  .  .  . 

U.  S.  SIGNAL  CORPS 
U.  S.  NAVY 

U.  S.  ORDNANCi  DOT. 

F.CC 
F.  B.  L 

U.  S.  TREASURY  DOT. 
and  WAR  MANUFACTURE 


FINCH 

TELECOMMUNICATIONS,  Inci 
PASSAIC,  N.  J. 


tmmrdiatr  Deiivergl 

WIDE  RANGE 
VACECM  TEBE 
VOLTMETERS 


,  englnaers-li-V.n9  trouble 

•ledricl  power  supply 

h?  Are  you  pl.n"i"9  P”**' 

Thee  let  W."cl>.'9.r  En9l«- 

l„.U.yc.n^v.  you  loH  .Him.  end  worn,. 

MOTORS 

•  BuiH  in  end  shell  type  motors 

•  Adjustable  speed  motors 

•  Syncronous  Motors 

•  Rotary  Electrical  aviation  equipment 

•  Dynamotors  and  Inverters 

•  Motor  Generator  sets 

^  ..  ..  ..j  r.r  Liahtinq  Generators 


*  Hi^  input  impedance  for  both  AC  and 
DC  measuremenu. 

*  Convenient,  low  capacity  "Probe,"  es¬ 
pecially  adapted  to  hixfa  frequency  radio 
use — too  megacycles  and  over. 

*  Self-regulating  operation  from  power 
line;  no  batteries. 

*  Multiple  voltage  ranges — accurate  and 
stable. 


BONDS  for 


BULLETIN  ON  REQUEST 

ALFRED  W.  BARBER 
LABORATORIES 
34-04  Praneis  Lewis  llvd.  FlMking,  N.  Y. 
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METAL  ETCHING  CO. 

21-03  44th  AVE. 

LONG  ISLAND  CITY,  NEW  YORK 


<OMPANy,  IN<. 


NEW  YORK,  N  Y 


For  anything  in  Television 
come  to  the  first  speeialiied 
Television  Suppliers 

RCA  Power  Supplies 
RCA  Deflection  Yokes 
RCA  Deflection  Transformers 
H.  V.  Transformers,  Capacitors 
High  capacity  filters 
Kinescope  rubber  masks 
Kinescope  Protection  Glass 
Amphenol  Beaded  Coaxial  cables 
Ceramic  capacitors 

Telerision  band  switches  ^ 


emce 


made  to  your  precise  engineer¬ 
ing  specifications  in  etched 
metals  and  finishes. 


264  West  40th  St. 

New  York  18,  N.  Y. 

Telephone:  PEnsylvonio  6-8730 

RCA  Disfributon  for  parts  and  Test  Equipment 


$^GRIP 
THAT  CAN’T  SLIPT 


The  BOOTS  SELF-LOCKING  RADIO  ANCHOR  NUT,  SIZE  NO.  6 
Designed  especially  for  Radio  and  Electronic  products 


MODEL  B-5 


The  all-metal,  built-in  lock  permits  no  axial  play 
— holds  the  nut  securely  in  place  despite  the 
severest  vibration.  Not  affected  by  temperature 
changes.  Can  be  used  safely  and  effectively  again 
and  again.  Additional  important  advantages: 

O  Remarkably  small,  compact  and  sturdy — 
helps  good  product  design. 

O  Will  not  turn. 

O  More  readily  applied  than  a  clinch  nut. 

•  Threads  are  never  distorted  since  no  punch 
is  required. 

O  AIIoms  flush  surface  on  opposite  side  without 
chamfering. 

RtpruenUUminNtwYork,  Chicaao,  Detroit,  Indianapolis.  Los  Angeles,  KangasCity,  Dallas,  Toronto,  Montreal,  Vancouver 


Motion  picture — ”AII  WorfcAndNoPlay' 
16  mm.  aound — 30  minutea. 

For  information  write  Dept.  A>7 


NEW  BAHERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a  hand-driven 
generator.  Entirely  self-contained.  Steady 
test  potential  of  500  volts  D.C  available 
at  the  touch  of  a  switch.  Direct  reading  in 
insulation  resistance.  Various  new  models 
and  ranges. 

Write  or  phone  for  Bulletin  430 


SELF-LOCKING  NUTS 


Boots  Aircraft  Nat  Corporation 
Gaiwral  Officta  •  Now  Canaan,  Conn. 
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porating  accurately  sized  orifices 
and  on  which  are  mounted  flow¬ 
meters,  pressure  gauges  and  needle 
valves  as  well  as  inlet  and  outlet 
nipples.  It  can  be  furnished  with 
any  two  of  six  available  flowmeters. 
Flowmeters  for  hydrogen  service 
cover  a  range  of  from  approxi¬ 
mately  2  to  200  cu  ft  per  hour.  For 
litrogen,  the  range  is  from  approxi¬ 
mately  6  to  140  cu  ft  per  hour. 

Air  Reduction  Sales  Co.,  60  East 
42nd  St.,  New  York  17,  N.  Y. 


METAL-COATING  PROCESS 


•  FAST  AND 
ECONOMICAL 


•  FOR  HEAVIER 
COATINGS 


UQUIRES  ORLY  RAPID  SLECTROLYTE— RAPID 

METAL  CLEARER— RAPID  APPLICATOR 
• 

•  Ploting  currant  is  obtcdnsd  from  dry 
csUs.  storage  battorr#  or  any  conasnjent 
sourco  ol  diroct  current  at  3  to  6  V.,  or 
use  Rapid  Plating  RectUier  lor  heory 
work. 

•  For  sileer  surfacing  bus  bar  connec¬ 
tions,  lugs,  switch  blades,  etc.  For  plat¬ 
ing  or  touching  up  misceUoneous  sur¬ 
faces  with  cadinium,  nickel,  sine,  copper 
and  gold.  Building  up  limited  areas. 
Hard  surfacing  with  ^ckel.  Used  in 
■hop  or  field.  Special  applicators  de- ' 
signed  to  speed  up  production  line  lobs. 

Oar  laboratory  Is  glad  to  eooporato. 

No  obligation 

Rapid  Electroplatiag  Process,  Inc. 

1414  S.  Wabash  Av«..  Chicago  5.  III. 


421  Graybar  Bldg. 
New  York,  N.  Y. 


237  Rialto  Bldg. 
Sas  Francisco,  Calif. 


/w 


PLATINUM 


posea  a  three-colored  band  which 
is  partly  luminous  so  that  indica¬ 
tion  is  given  under  all  conditions. 
A  specially  designed  shunting- 
switch  is  used  to  provide  “non-trip- 
free”  action. 

These  breakers  are  lightweight 
and  will  carry  approximately  120 
percent  of  rated  current  continu¬ 
ously,  and  trip  ultimately  at  138 
percent  of  rated  current  in  an  am¬ 
bient  temperature  of  25  deg  C.  Re¬ 
gardless  of  the  mounting  position, 
the  units  meet  shock,  vibration  and 
motion  requirements,  and  conform 
to  Navy  specifications  M-538  and 
NAF-1213.  They  are  available  in 
ratings  from  5  through  50  amps 
with  standard  AN  mounting  di-. 
mensions.  They  are  suitable  for 
30  V,  d-c  systems. 

Spencer  Thermostat  Co.,  Attle¬ 
boro,  Mass. 


Gas  Proporlioner 

This  new  piece  of  apparatus  was 
developed  as  an  ,^id  for  electronic 
tube  manufacturers,  heat  treaters 
and  others  who  use  mixtures  of 
gases  for  protective  atmospheres. 
It  is  designed  to  produce  an  ac¬ 
curately  proportioned  mixture  of 
such  gases  at  a  pressure  not  in  ex¬ 
cess  of  5  lb  per  sq  in.  The  device 
consists  of  a  mixing  block  incor¬ 


HARVEY 


can  shoulder 
the  responsibility 
of  purchasing 
agents  for  Radio 
and  Electronic 
Components 


^(HtHcdCatc  dctuAcrie^. 

Tubes  •  Meters 
Relays  •  Panels  •  Fuses 
Resistors  •  Sound  Sys¬ 
tems  •  Batteries  •  Plugs 
I  Jacks  *  Capacitors 
Transformers  •  Test 
Equipment  •  Oscillators 

o 

Attenuators  •  Terminal 
Strips,  etc. 


We  can  relieve  you  of  the 
task  of  locating  equip¬ 
ment  .  .  .  give  it  to  you  in 
a  hurry ...  at  competitive 
prices.  Or,  if  you  have 
difficulty  in  finding  the 
part  you  need,  we  can 
use  our  resources  and  ex¬ 
perience  to  find  it  for  you. 
Making  suggestions  as  to 
the  effectiveness  of  substi¬ 
tutes  is  another  part  of  our 
job.  Moreover,  our  up-to- 
date  knowledge  of  tech¬ 
nical  and  priority  prob¬ 
lems  is  available  to  vou. 


TELEPHONE  ORDERS  TO  LONGACRE  3-1tOO 


203  WEST  43rd  ST.,  NEW  YORK  28,  N.  Y. 


/w 

platTnum 

AND 

SILVER 

I  for  electronic  use 


PLATINUM 

WIRE  •  FOIL  •  RIBBON 
SEAMLESS  TUBING 


SILVER 


SHEET  •  WIRE 
BRAZING  ALLOYS  &  FLUX 


THE  AMERICAN  PLATINUM 
WORKS 

Refiners  &  Manufaefurert 

V  N.J.R.R.  Ave.  at  ojiver  Street 
f  1  Newark  5,  N.  J. 
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STEATITE 

CERAMIC 


GOULD-MOODY 

GLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


The  tributes  pxiid  to  "Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin- 
fished  service  on  the  turntable. 
Tour  ears  will  recognize  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion.  and  the  longer  play-back 
life  will  prove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchangeable  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
spools.  Enclosure  of  your  prior¬ 
ity  rating  will  facilitate  delivery 
Old  Alumiaum  Blanks  Bsceatsd  with 
"Black  Saol"  Femula  on  Short  Notico 
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Marking  Unit 

Delicate  and  precision  parts  hav> 
ing  a  ground  or  mirror  surface  may 
be  marked  without  marring  by 
means  of  a  marking  unit  (Airgrit) 
which  is  operated  by  air  pressure 
and  employs  a  principle  similar  to 
sand-blasting  except  for  the  fact 
that  it  is  especially  designed  for 
delicate  materials.  A  timing  unit 
aids  in  making  uniform  markings. 

James  H.  Matthews  &  Co.,  3942 
Forbes  St.,  Pittsburgh,  Pa. 


Film  Recorder 


Filmgraph  is  a  new  device  for 
permanently  recording  and  repro¬ 
ducing  sound  on  film  instantane¬ 
ously  and  without  processing.  The 
instrument  consists  of  an  electro¬ 
magnetic  dual-purpose  head  (re¬ 
cording  and  playback),  sapphire 
'stylus,  motor,  and  necessary  con¬ 
trols  and  connections.  It  is  avail¬ 
able  in  a  cabinet  complete  with  an 
amplifier,  speaker  and  microphone, 
I  (weight  is  16  lb),  or  without  these 
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You  Can  Get  Them 


accessories.  Recordings  can  be 
made  on  Filmgraph  M-5  special 
film,  on  which  a  number  of  sound 
tracks  (up  to  40)  may  be  recorded, 
or  a  recording  may  be  made  directly 
on  16  mm  film.  Recordings  cannot 
be  made  directly  on  8  mm  film  be¬ 
cause  the  speed  of  8-mm  projectors 
is  too  slow  for  good  results  on  this 
recorder.  Where  it  is  desirable  to 
use  8-mm  film,  it  is  necessary  to 
use  Filmgraph  M-5  film  as  an  aux¬ 
iliary. 

Miles  Reproducer  Co.,  Inc.,  812 
Broadway,  New  York  3,  N.  Y. 


Electronic  Weld  Controls 


BLANK  OfVfSION 
3fl  BROADWAY  •  NEW  YORK  13.  N.Y. 

RPORT  OfPT.  KOTAL  NATIONAL  COM  PANT.  INC 
•f  IMA*  STtnr.  M.  T. 


Two  TYPES  OF  welding  controls  are 
available.  The  first  of  these  is 
Model  40,  which  is  a  general-pur¬ 
pose  control  for  seam,  spot,  or  pul¬ 
sation-welding  machines.  It  is  de¬ 
signed  for  the  control  of  welders 


CHARACTERISTICS 

Spacific  gravity  of  only  2.5  to  2.6 
cant.  Par  cant  powar  factor. 
Watar  absorption  S.  I.S-0.001  par 
S.  1.5  to  60  cyclas  was  only  0.0165. 
DIalactrIc  constant  at  60  cyclas 
was  5.T-I000  KC  5.4. 


Makers  of  electrical  and  radio  apparatus  des- 
iined  for  war  service  are  finding  in  LAVITE 
the  precise  qualities  called  tor  in  their 
specifications  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and 
high  heat.  The  exceedingly  low  loss-factor  I 
of  LAVI'ra  plus  its  excellent  workabilin 
makes  it  ideal  for  all  high  frequency  appli-  j 
cations.  I 

I 

We  will  gladly  supply  samples  for  testing,  j 

D.  M.  STEWARD  MFD.  COMPANY 

^\<un  Office  &  Works,  Chattanooga,  Tenn. 
New  York  Needham,  Msm.  Chieaio  Let  Anielet 


KIRKLAND  Pioneer 

INDICATING  LAMPS 


N  e  w  ^ 

O/E  DOME  TYPE  LENS-CAP  with 
HEAVILY  WALLED.  DEEPLY  CUPPED 
GLASS  LENS.  SO  OUTSTANDING  THAT 
A  COMPLETE  LINE  OF  PILOT-LIGHTS 
HAS  BEEN  EQUIPPED  WITH  IT. 

For  Uto  Wlfh  fko  Most  Road- 
lly  Obtaloablo  Lamp  Rolbs 

Type  No.  590  D/E  Unit  for  use  with 
the  S6  candelabra  screw  base  laoip  on 
voltaies  up  to  120  volts. 


The  No.  590  D/E  Unit,  List  Price, 
Oess  lamp)  $1.25. 

Specifications:  Mounting  hole,  Tk"  ^1* 
ameter;  overall  depth  behind  the  front 
of  the  panel  2";  length  of  threaded 
area  lA".  Underwriters'  Approved. 
Distributed  Nationally  By 
GRAYBAR  ELECTRIC  CO. 

Writ*  for 
Cota  logo* 


THE  H.  R.  KIRKLAND  CO. 

MORRISTOWN,  N.  J. 


MTF  DELIVEf^Yf 

plALCO  PILOT  LIGHT- 
INCORPORATING  SUPERIOR 

VAJH-DIM'ani 
PRESS -TO -TEST’ 

FUNCTIONAL  FEATURES 


900  BROADWAY  •  NEW  YORK  3,  N.  Y 

Telephone:  ALgonquin  4-5180-1-2-3 


where  more  than  one  kind  of  opera¬ 
tion  is  to  be  controlled  by  a  single 
general-purpose  control,  and  par¬ 
ticularly  where  more  than  one  type 
of  operation  is  to  be  performed  in¬ 
terchangeably  on  the  same  machine. 

Model  41  is  specifically  designed 
for  production  seam-welding  con¬ 
trol.  Heat  and  cool  times  repeat 
automatically  for  continuous  seam¬ 
welding  until  interrupted  by  the 
operator.  This  unit  is  simple  to  ad¬ 
just  and  is  easy  to  maintain. 

Bulletin  No.  WT-40-41  illustrates 
and  describes  these  units  in  greater 
detail.  It  is  available  from  the 
manufacturer,  Weltronic  Co.,  19500 
W.  Eight  Mile  Road,  Detroit  19, 
Mich.  •  * 


Designed  especially  for  Aircraft,  this 
Approved  Pilot  Light  is  compact, 
light,  and  mounts  in  Vs"  panel  hole. 
Finger  pressure  on  head  of  unit 
closes  bulb-testiag  circuit.  Turning 
the  knurled  head  regulates  the  in¬ 
tensity  of  light.  Send  for  details. 

PLUS  LAMPS:  To  speed  produc¬ 
tion,  we  can  supply  any  Pilot  Light 
assembled  with  G.  E.  or  Westing- 
house  Lamps. 

Write  for  catalogue  now. 


Literature- 


Television  Pamphlets.  Two  com¬ 
panies  have  issued  brochures  on 
television : 

The  first  of  these  is  entitled 
^Television”  and  the  purpose  of 
this  24-page  book  is  to  tell  the  ad¬ 
vances  of  television;  its  progress 
and  promise.  A  map  is  included 
which  tends  to  show  how  east 
and  west  may  be  linked  in  a  tele¬ 
vision  network.  Department  of 
Information,  Radio  Corporation  of 
America,  30  Rockefeller  Plaza, 
New  York,  N.  Y. 

The  second  booklet  is  entitled 
“The  Story  of  Electronic  Tele¬ 
vision”  and  it  attempts  to  tell  the 
layman  in  simple  language,  and 
with  illustrations,  how  television 
is  accomplished.  Two  pages  in  the 
back  of  this  28-page  book  are  de¬ 
voted  to  television  equipment 
available  from  the  manufacturer, 
Farnsworth  Television  &  Radio 
Corp.,  Fort  Wayne  1,  Ind. 

Transformer  Buletin.  A  complete 
range  of  transformers  for  small 
and  large  electric  power  require¬ 
ments  are  illustrated  and  de¬ 
scribed  in  a  bulletin  entitled 
“Standard  Transformers  For 
Every  Need”  available  from  Stand¬ 
ard  Transformer  Co.,  Warren, 
Ohio. 

High  Frequency  Electrical  Insula¬ 
tion.  The  manufacture,  surface 
treatment  and  precision  grinding 
of  ceramics  is  discussed,  and  a 


1  dvp0»mdahts» 
is»mt 


.\n  accurate  signal  source  capable  of  supply¬ 
ing  a  wide  range  of  frequencies  and  voltages. 

FrtM|«iency  Ranm*  20  C.P.S.  to  5  MC. 

Output  Voltage  1  niv  to  ,32  volts. 

Power  Output  1  watt. 


BOONTO 


RADIO 

c-t/jutau^ 
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Socci 


peeialists 


.  • .  in  Assembly  and  ^b-assembly 


of  Precision  Electronic  Products 


•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 


RADELL 


6323-27  GUILFORD  AVENUE,  INDIANAPOLIS  5,  INDIANA 


Time  Tested 
Quality 


CapacBtors 


Each  paper  and  •lectrolytlc  ca¬ 
pacitor  ol  ILLINOIS  CONDEN¬ 
SER  COMPANY  Is  known  for 
its  "TIME  TESTED  QUALITY." 
Countless  sotisfied  users  choose 
Illinois  Condensers  which  oper¬ 
ate  under  the  severest  condi¬ 
tions.  Select  the  capacitors  of 
"TIME  TESTED  QUALITY"— 
Manufactured  by  ILLINOIS  CON¬ 
DENSER  COMPANY,  the  Con¬ 
denser  Specialists. 


ILLINOIS  CONDENSER 
COMPANY 


1160  NORTH  HOWE  STREET 
CHICAGO  10,  ILLINOIS 


EISLER  ELECTRONIC  EQUIPMENT 


98%  Of  All  Aaerican  Radio  Tube  Makers  Use  EISLER  Eqaipneat 


6LASS  TUK  SLICIR  STEM  MACHINES  SEALING  MACHINES 


Let  Us  Help  You 
IBuild  a^^^Pioductl 


Try  Tuttle  First  j 
for  those  special  i 
resistance  windings  ! 


Fussy  lobs — quick  deliTeries — we 
hare  the  equipment  and  the  skilled 
labor  to  do  them. 

Strip  Resistors — Porcelain  Heating 
Elements — Special  and  Standard  Heat¬ 
ing  Elements. 

— Send  us  your  specifications  for 
quotations. 


Write  for  Bulletin  SIOIC 


H.  W.  TUTTLE  &  CO. 


ADRIAN, 


MICHIGAN 


ELEC 


I  •  ■  •  I  /%■  I  IS4  . 

Wholesale  Distributors 

RADIO-EIECTRONIC  SUPPLIES  &  PARTS 
17  Union  Square 

NEW  YORK  3,  N.  Y. 

Phones;  Algonquin  4-8  M  2-3-4-5-6-7 


lacturei-s 


table  of  mechanical  and  electrical 
properties  is  included  in  Bulletin 
No.  143.  The  bulletin  also  de¬ 
scribes  and  illustrates  insulators 
made  of  this  ceramic  material 
(which  is  designated  AlSiMac  No. 
A196).  American  Lava  Corp., 
Chattanooga^  Tenn. 
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Thermoswitches.  The  purpose  of 
this  catalog  is  to  introduce  the 
complete  line  of  standard  tempera¬ 
ture  and  pressure  control  appa¬ 
ratus  made  by  this  manufacturer. 
It  contains  44-pages  of  descriptive 
material,  including  installation 
drawings  and  photographs,  plus  a 
brief  history  of  the  company. 
Fenwal  Inc.,  200  Pleasant  St.,  Ash¬ 
land,  Mass. 


^  FAST  ^ 
WORK  ON 
YOUR  WAR 
ORDERS 


•  If  your  needs  ore  urgent 
take  advantage  oi  our  ex¬ 
ceptionally  large  and 
complete  stock  of  radio- 
electronic  supplies  and 
ports.  Most  orders  can  be 
filled  immediately  from 
stock,  ond  shipped  the 
same  day  received. 


Flexible  Shaft  Machines.  Catalog 
No.  130  illustrates  and  describes 
machines  for  light  production  work 
and  for  maintenance  needs  on  small 
irregularly-shaped  parts  which  can¬ 
not  be  handled  by  conventional  ma¬ 
chine  set-ups.  Available  accessories 
are  also  described.  Foredom  Elec¬ 
tric  Co.,  27  Park  Place,  New  York 
7,  N.  Y. 


And  to  help  you  order 
lust  what  you  need,  we 
have  the  big  Dalis  catalog 
which  is  yours  for  the  ask¬ 
ing.  Write  on  your  busi¬ 
ness  letterhead  for  your 
copy. 


D-C  Motor  Control.  “Electronic 
Control  of  D-C  Motors”  is  a  re¬ 
print,  with  changes,  of  a  series  of 
articles  on  this  subject  by  E.  E. 
Moyer,  which  appeared  in  1943 
Electronics.  This  reprint  is  de¬ 
signated  as  Filing  No.  8930  and 
the  articles  in  it  are  “Outline  of 
General  Principles”,  “Reference 
Voltage  and  Speed  -  Control 
Methods”,  Extending  Speed  Range 
by  Electronic  Means  of  Vield 
Weakening”,  “Starting,  Stabiliz¬ 
ing,  and  Reversing”,  and  “Regen¬ 
eration  by  Inverter  Action,  and 
Stopping.”  Electronics  Section, 
Industrial  Control  Engineering 
Div.,  General  Electric  Co.,  Sche¬ 
nectady,  N.  Y. 


•  Try  Dalis — jusf 
'phone  or  write 


the  Tobe  ' 

Coo*'*"  ®  on  7®'*^  ^ 

L  'AiSttS  ! 

I  eoUktSIVt 


Springs.  Catalog  No.  44,  entitled 
“Springs  for  All  Purposes”,  con¬ 
tains  a  spring  design  chart.  When 
he  dimensions,  load  and  travel  dis¬ 
tance  is  known,  this  chart  may  be 
used  to  find  the  number  of  coils 
and  the  proper  wire  size  which 
one  should  use.  Round  or  square 
wire  0.006  to  0.375  in.  diameter, 
and  strips  of  0.003  to  0.187  in. 
thickness,  and  of  any  desired  ma¬ 
terial  are  available.  Types  of 
springs  illustrated  in  the  catalog 
include  compression,  extension. 
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NOW  YOU  CAN  DO  YOUR  OWN 

BRANDING  on  PLASTICS! 

SHOW  YOU  HOW 
WE  ENGINEER  THE  JOB 

WE  BUILD  THE  TOOLS 

it  Roqon'i  •xcIubIt*  plastic  branding  process 
has  been  employed  extensively  to  speed  pro¬ 
duction  of  many  important  war  plastics.  The 
bolralite  Admutb  Dial  illustrated,  is  one  example 
of  Rogan's  crecuracy  in  branding.  In  fact,  this  important  assignment  was 
entrusted  only  to  Rogon. 

However,  wartime  demands  for  this  service  in  some  ordnance  plants, 
hove  required  the  application  on  their  own  premises.  So.  Rogon  engi¬ 
neers  have  orranged  a  method  whereby  anyone  can  do  his  own 
branding  on  plastics  right  in  his  own  plant.  Rogon  will  engineer  each 
lob  completely  and  build  oU  the  necessary  tools.  Will  provide  clear, 
simple  Instructions  that  wUl  permit  anycme  to  do  the  lob  expertly.  All 
you  need  do  is  to  send  us  blue  prints  and  other  specific  data,  and 
well  give  you  a  quick ‘COst  and  time  estimote. 

Take  advantage  of  this  new  Rogon  service  .  .  .  send  us  your 
specificotions  todoy. 

ROGAN  BROTHERS 


2003  S.  MICHIGAN  AVE. 


CHICAGO  16.  ILLINOIS 


IMMEDIATE  DELIVERY 

in  moderate  quantities  from  stock 

ANDREW  coaxial  plugs  and  jacks  are  used  as  con¬ 
nectors  for  flexible  coaxial  lines,  and  fit  many  of  the 
standard  Army  and  Navy  approved  cables.  They  are 
especially  useful  where  a  simple  panel  mounting  plug¬ 
in  type  of  connector  is  required. 

Machined  from  brass  bar  stock,  these  sturdy  plugs 
and  jacks  provide  a  positive  connection  between  the 
outer  conductors  and  between  the  inner  conductors. 
Inner  conductor  contacts  are  silver  plated  to  obtain 
maximum  conductivity.  Insulation  is  the  best  grade  of 
Mycalex.  Patch  cords  are  made  of  low-loss  flexible 
coaxial  lines  of  72  ohms  surge  impedance.  Patch  panels 
consist  of  24  jacks  mounted  on  a  19"  relay  rack  panel. 

WRITE  FOR  BULLETIN 
NO.  31 


ONLY  ANDREW 
offers  this  easy 
accessibility  for 
soldering. 

You  don't  hove  to  solder 
through  a  window  to  in¬ 
stall  on  ANDREW  plug 
or  jock.  Just  remove  one 
screw,  slide  the  sections 
opart  with  your  fingers 
and  solder.  This  is  a  new 
improvement  invented 
and  used  exclusively  by 
ANDREW. 


(lNDRL'N  CO. 

,63  10^7  Sth  Street 

.  o  19/  »ir«n®'* 


Chicago 


torsion,  clock  type,  slips  ard 
stampingfs.  The  Reliable  Spring 
&  Wire  Forms  Co.,  3167  Fulton 
Road,  Cleveland  9,  Ohio.  - 

Dry  Electrolytic  Condensers.  The 
many  types  of  dry  electrolytic 
condensers  available  from  this 
maiifacturer  are  described  in 
Catalog  No.  10  which  also  con¬ 
tains  application  notes,  character¬ 
istic  charts  and  size  factor  tables. 
Sprague  Electric  Co.  (formerly 
Sprague  Specialties  Co.),  North 
Adams,  Mass. 

Handy  Folder.  A  handy  folder, 
Form  C-112-5-4-44,  labeled  “Fed¬ 
eral  Telephone  and  Radio  Equip¬ 
ment”  is  available.  It  contains  lit¬ 
erature  put  out  by  this  manufac¬ 
turer  on  Intelin  coaxial  u-h-f 
cables;  booklet  No.  C-101-3-2-4 
which  describes  type  No.  FTR-3 
transmitter;  booklet  No.  C-103-8- 
3-44  on  type  FTR-5  transmitter. 
Both  of  these  transmitters  are 
multi-unit  types.  Also  included  in 
the  folder  are  two  pieces  of  litera¬ 
ture  describing  the  Megatherm 
electronic  heating  unit.  One  book¬ 
let  is  devoted  to  the  plastics  in¬ 
dustry,  while  the  other  booklet  de¬ 
scribes  sterilization  of  packaged 
foods.  Federal  Telephone  &  Radio 
Corp.,  Newark,  N.  J. 

Questions  and  Answers  on  RCA 
This  48-page  catalog  entitled 
“RCA,  What  It  Is,  What  It  Does— 
Questions  and  Answers”  is  exactly 
what  the  title  implies.  The  catalog 
is  carefully  indexed  according  to 
subject  matter.  Subjects  include 
research  and  engineering,  pioneer¬ 
ing,  broadcasting,  television,  man¬ 
ufacturing,  communications,  ma¬ 
rine  radio  and  technical  training. 
Radio  Corp.  of  America,  30  Rocke¬ 
feller  Plaza,  New  York  20,  N.  Y. 

Smoke  and  Combustion  Control. 
Indicators,  controllers  and  record¬ 
ers  for  smoke  and  combustion  con¬ 
trols  are  illustrated  and  described 
in  an  8-page  folder  form  (Bulletin 
No.  431).  Ess  Instrument  Co.,  Fort 
Lee,  N.  J. 

Resistors.  A  new  28-page  catalog 
(No.  lOE)  includes  specifications 
and  engineering  data  on  the  com¬ 
plete  line  of  Koolohm  wire-wound 
resistors.  Resistor  Div.,  Sprague 
Electric  Co.,  North  Adams,  Mass. 
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Temperature  extremes  from  295°F. 
to  minus  80‘^F.  are  just  one  sample  of 
the  varied  conditions  which  "Surco- 
American"  flexible  plastic  tubing  is 
able  to  meet.  Over  twenty-six  different 
formulations  provide  positive  and  tested 
qualities  such  as  ageless  durability, 
non-inflammability,  tremendous  flexi¬ 
bility,  and  proof  against  moisture,  all 
kinds  of  weather,  dilute  acids,  oils  and 
most  solvents. 

Dielectic  strength  averages  1 500 
volts  per  mil.  thickness.  "Surco-Ameri- 
can"  is  available  in  any  color  and  in 
continuous  lengths  with  inside  diam¬ 
eters  from  .005"  to  2".  Exclusive  pack¬ 
aging  methods  maintain  this  tubing  in 
its  original  round  form. 

Flexible  plastic  insulated  wire  is 
another  "Surco-American"  pre-tested 
product— available  in  all  lengths  and 
colors  and  in  wire  sizes  #12  to  #48 
A.W.C.,  solid  or  stranded,  shielded, 
tinned  or  silver  plated  copper  wire 
and  cable. 

Ask  for  Bulletins  with  complete  tech¬ 
nical  data.  Address  Department  C. 

Special  tubing,  tape  and  wire,  ex¬ 
tended  and  molded  plastic  parts  made 
to  specifications. 


ELECTRICAL  INSULATION  CO. 
84  Purchase  Street,  Boston,  Mass. 
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REGULATED  POWER  SUPPLY 


Provides  electronically  regulated 
power  supply  for  general  labo¬ 
ratory  and  production  testing. 
Especially  useful  to  supply  mod¬ 
erate  amounts  of  ’d-c  power  at 
180-300  volts. 

This  instrument  is  widely  used 
in  equipment  such  as  amplifiers, 
television  pulse  generators,  con¬ 
stant-frequency  oscillators. 


Other  units  in  the  new  General 
Electric  line  of  laboratory  mea¬ 
suring  instruments  include :  V isual 
alignment  signal  generator,  wave 
meters,  wide  band  oscilloscopes, 
square  wave  generators.  Elec¬ 
tronics  Dept.,  General  Electric, 
Schenectady,  N.  Y. 

GENERAL  0  ELECTRIC 

fLECTftONfC  MEASURING  INSTffUMfNTS 


TYPE  AR  300A 

(Manufactured  to  Army  -  Navy  Specification 
JAN-2 12E). 

Medium  power  triode  for  use  as  audio-frequency 
amplifier  or  modulator  and  radio  -  frequency 
oscillator  or  amplifier  at  medium  frequencies. 

A-F  Power  Amplifier  fend  Modulator — 
Class  B 


D-C  Plate  Voltage  .  .  .  2000  volts 

D-C  Grid  Voltage  .  .  .  -105  volts 

Zero -signal  D-C  Plate  Current 

per  tube  .  40  ma. 

Max.-signal  D-C  Plate  Current 

per  tube  .  300  ma. 

Load  resistance  plate-to-plate  .  8000  ohms 

Power  Output  (2  tubes)  .  .  650  watts 

Plate-Modulated  R-F  Power  Amplifier  - 
Class  C  Telephony 

D-C  Plate  Voltage  .  .  .  1500  volts 

D-C  Plate  Current  .  .  .  300  ma. 

D-C  Grid  Voltage  .  .  .  -200  volts 

D-C  Grid  Current  .  .  .  75  ma.niax. 

Carrier  output  for  mod.  factor 

of  1.0  .  300  watts 

Makers  of  high-quality  Transmitting  and 
Receiving  Tubes  since  1^26. 

IN-2-44 


ROGERS  ELECTRONIC  TUBES,  LIMITED 

TORONTO  CANAOA 


'i 


Personnel  Administration 


RADIO  CORPORATION 
OF  AMERICA 


Industrial  X-Ray  Unit.  “Search- 
ray”,  Model  150,  is  a  self-con¬ 
tained  industrial  x-ray  unit  manu¬ 
factured  by  North  American 
Philips  Co.,  Inc.,  for  the  internal 
inspection  of  castings,  parts,  as¬ 
semblies,  etc.,  and  for  locating 
flaws  and  defects.  This  unit  is  de¬ 
scribed  in  folder  No.  S150  dis¬ 
tributed  by  Walker-Jimieson,  Inc., 
311  South  Western  Ave.,  Chicago 
12,  Ill. 


TECHNICAL 

AOTES 

Excerpts  from  Netc  Home 
Study  Lessons  Being  Pre¬ 
pared  under  the  Direction 
of  the  CREI  Director  of 
Engineering  Texts 


Phase  Inverter 


Adhesive  Data.  Viscosity,  bonding 
range,  and  method  of  application 
are  all  contained  in  a  booklet*  en¬ 
titled  “3-M  Adhesive  Data”  which 
is  designed  to  serve  as  a  reference 
book  to  anyone  using  adhesives  or 
coating  materials,  impregnators, 
spray-on  insulators  and  sound- 
deadening  compounds.  Minnesota 
Mining  &  Mfg.  Co.,  411  Piquette 
Ave.,  Detroit  2,  Mich. 


List  month,  CREI  presented 
the  first  part  of  a  technical  ar¬ 
ticle  describing  the  Phase  In¬ 
verter  Circuit.  Part  2,  which  ap¬ 
pears  in  the  September  issue  of 
“THE  CREI  NEWS,”  gives  a 
typical  numerical  example  of 
the  phase  Inverter  Circuit  and 
indicates  the  type  of  perform¬ 
ance  that ‘can  be  expected. 

Derivations  are  then  made  of 
the  gain  and  stability  of  gain  of 
such  a  stage  and  it  is  shown  that 
very  good  results  can  be  ex¬ 
pected.  FinaUy,  an  analysis  of 
the  input  admittance  is  made,  as 
.  well  as  remarks  on  some  prac¬ 
tical  features  of  the  circuit. 

Each  month  “THE  CREI 
NEWS”  features  such  a  technical 
article,  in  addition  to  other  in¬ 
teresting  features  concerning 
The  Institute  and  the  industry. 

^  We  shall  be  glad  to  add  your 
name  to  the  mailing  list  withdut 
obligation.  Simply  write  to  The 
Institute  at  the  address  below 
and  request  the  September  issue 
of  “THE  CREI  NEWS”  contain- 
ing  the  article  on  the  Phase  In¬ 
verter  Circuit. 


Nuturo  of  tho  Works  Designing  the  follow¬ 
ing  components  for  electronic  equipment: 

Power  transformers  up  to  5  Lw 
Reactors 

Audio  transformers 

O  Special  filters  (for  television,  etc.) 
e  Tuning  systems 

l5l  R-f  coils  and  transformers  (includin; 

_ I _ ]  _ _ _ _ \ 


Frequency  Meters.  Type  21-FX 
miniature  frequency  meter,  which 
supersedes .  Model  21-F,  is  de¬ 
scribed  in  Bulletin  VF-43-lb. 
Meters  which  operate  on  60,  120, 
and  400  cps  are  available.  These 
meters  are  designed  to  match  other 
2i  in.  panel  instruments.  J-B-T- 
Instruments,  Inc.,  441  Chapel  St., 
New  Haven  8,  Conn. 


experience  and  ability.  Rates  a 
parable  to  those  for  similar  ( 
throughout  the  industry. 

ASocuritys  When  you  work  at  RCA, 

I _ _ :.1- _ i;j _ 


Introductory  Booklet.  “Let  Lewyt 
Do  It”  is  the  name  of  a  brochure 
which  illustrates  and  describes 
the  facilities  this  company  has  to 
offer  other  manufacturers  in  the 
production  of  mechanical  and 
electrical  products.  Some  of  the 
jobs  they  do  include  tool  and  die, 
machine  work,  sheet  metal,  weld¬ 
ing  techniques,  mechanical  and 
electrical  assembly,  product  fin¬ 
ishing,  inspection  and  production 
engineering.  Lewyt  Corp.,  60 
Broadway,  Brooklyn  11,  N.  Y. 


be  sure  you  are  with  a  solid  organization 
— 25  years  in  the  field,  and  today  more 
progressive  than  ever. 

9  Other  Poiitioni  Avollablei  Our  engineer¬ 
ing  and  mam-*'"'-*”'- - - — -  "" 

always 


lufacturing  organizations  are 
king  for  good  engineering 
talent.  If  you  do  not  qualify  for  the 
positions  listed,  but  are  interested  in  a 
good  future  at  RCA,  let  us  hear  from  you. 

WMC  Regulations  will  bestrictly  followed. 
If  you  don’t  know  how  they  affect  you, 
write  us  about  yourself  and  we  will  check 
with  WMC  or  USES. 

WRITE  TODAYI  Don’t  wait  —  write  us 
about  yourself  right  away.  If  RCA  has  a 
position  for  which  you  qualify,  a  personal 
interview  will  be  arranged.  Address: 
Radio  Corporation  of  America,  Personnel 
Administration,  Camden,  N.  J. 


The  •abject  of  “Phase  Inverter 
Circuit”  is  but  one  of  eany 
that  are  being  constantlj  r^ 
vised  and  added  to  CREI  lee- 
sons  bv  A.  Preisman,  Director 
of  Engineering  Texts,  under  the 
personal  supervision  of  CREI 
President,  E.  H,  Rietzke.  CREI 
home  stndjr  courses  are  of  col¬ 
lege  calibre  for  the  professional 
engineer  and  technician  who 
recognizes  CREI  training  as  a 
proven  program  for  penoasd 
advancement  in  the  field  of 
Radio-Electronics.  Complote  do- 
tails  of  the  home  atody  eosmea 
sent  on  request.  .  .  .  Awk  fm 
36-pafa  booUst, 


Coaxial  Transmission  Line.  Type 
83  (I  in.  diameter),  a  low  loss 
coaxial  transmission  line  for  high 
or  uhf  radio  frequencies  is  illus¬ 
trated  and  described  in  Bulletin 
No.  29,  which  also  contains  de¬ 
scriptions  .of  accessories  for  this 
line.  Andrew  Co.  363  East  75th 
St.,  Chicago  19,  Ill. 


Engineering  Institute 

E.  H.  RIETZKE.  President 

Home  Study  Coureet  in  Practical  Radio- 
Eleetronict  Engineering  for  ProfeetUmel 
Seif -Improvement 


Spot  Welders.  This  is  the  name  of 
a  58-page  catalog.  No.  CE-44W, 
which  shows  all  types  of  standard 
and  many  special  resistance  weld¬ 
ing  machines  manufactured  in  ca- 


Dapt  E-9,  3224— 16th  St.  N.  W. 
WASHINGTON  10.  D.C. 


Coniractort  to  the  U.  S.  Navy — U.  S. 
Coast  Guard  —  Canadian  Broadcastinf 
Corp,  —  Producers  of  Wdl-trained  Tech¬ 
nical  Radiomen  for  Industry. 
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JVeed  Wire  iVotr/ 

COLUMBIA 
is  reliable! 


•  WIRE 

•  CABLES 

•  CORD  SETS 

W«  Serve  the 

RADIO  &  ELEQRONIC 
INDUSTRY 

Wc  cut,  strip,  and  tin  wire;  attach' 
logs  and  ayalats  to  meet  year  re> 
qnirements. 

INQUIRIES  ARE  WELCOME 


■  r  . 

i 

1  ^  ' 

\ 

'd  ■ 

i 

^  v:-  ^ 

'  .i 

'f  1 
•  Nf;. 

6^  GLENN-ROBERTS 

LONG  MANUFACTURED  as  integral  parts  of  famous  G-R 
•  Welders,  electrical  and  electronic  components  by  Glenn- 
Roberts  are  now  available  to  the  industry. 

Your  specifications  are  invited  for  production  runs  of  oil  and 
wax  type  capacitors,  pneumatic  timers,  a.  c.  solenoid -type 
relays,  power  and  radio  transformers. 


COLUMBIA  WIRE  &  SUPPLY  CO.I 

4110  N.  PULASKI  ROAD 
CHICAGO  41JLLINOIS 


GLENN-ROBERTS  COMPANY 

1009,  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  INDIANAPOLIS,  INDIANA 


FLEXIBLE  SHAFTS 

that  carry  power  around 
any  comer  ia  our  ape- 
cialty.  Faithful,  depend¬ 
able  power  drlvea  or 
remote  control  in  air- 
planea,  tanka,  aiqnal 
corpa  radio,  and  many 
other  war  and  commer¬ 
cial  producta.  Shafta 
made  to  your  apecifica- 
tiona.  Our  engineering 
department  will  work 
out  your  particular 
power  problem  without 
obligation. 

Write  today  tor 
Manual  D. 


F.  W.  STEWART  MFC.  CORP.I 

.4311-13  RAVENSWOOO  AVI.  CHICAGO  ILL. 


W  'It  Coast  Branch  431  Veniea  Blvd.,  Loi  Angalot.  Calif. 


EECTRONICS  — September  1944 


1  ENGINEERS:  Here's 

/ 

H  the  BIG  POINT  about 

I 

VAMPERiTE 

iREGULATORS 

i 

U  1 

VOLTAGE  or  24V  |  WITH  AMfERITE 

BATTERY  &  CHARGER  •  VOLTAGE  VARIES 
VARIES  APPROX  ’  ONLY 

sor®  i  2% 


_ _ '  A 

Amkriti 


1.  Amperites  cut  battery 
voltage  fluctuation  from 
approximately  50%  to  2%. 

2.  Hermetically  sealed  — 
not  affected  by  altitude, 
ambient  temperature, 
humidity. 

3.  Compact  .  .  .  light  .  .  . 
and  inexpensive. 

Used  by  U.S.  Army,  Navy, 
and  Air  Corps. 


DEMY  RELAYS:  For  delays  from  1  to  100  seconds. 

■Hermetically  sealed.  Unaffected  by  altitude - Send  for  catalogue  sheet. 

NEW!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems; 
contains  much  valuable  data  in  practical  form  —  Write  tor  your  copy  now. 


/AmPERITE  CO.,  561  Broadway,  New  York  (12),  N.  Y. 

In  Canada:  Atlas  fiadio  Corp.,  Ltd.,  560  King  St..  W.  Toronto 


STOPPW* 

fAtmii  1/10.000’" 


ONE  OF  THE  MANY  POSSIBLE 

APPLICATIONS! 


#  For  all  types  of  machinery  manufacturers,  Flaahtron 
opens  up  an  entirely  new  vista  of  electronic  control. 

Due  to  the  fact  that  Flashtron  requires  only  very  small  en¬ 
ergizing  currents... precision  control  that  is  swift  and  certain 
comes  into  {day  by  an  infinitesimal  movement  of  contacts. 

Instantaneous  reversible  control  is  provided  by  Flashtron 
since  its  output  circuits  accommodate  motors,  solenoids  or 
other  power  control  devices. 

We  invite  control  manufacturers,  as  well  as  users,  to 
get  the  interesting  Flashtron  story.  _ 


M«a«i  T-SO  I  40 
PMxr  StiHct  —  IIS  Von  SO  e.  a  t. 
Control  CircuH— Ooofolnn  o(  ono 
Oiir  ol  coolacli  prodocos 
orlonUtiao  o(  ponor  output 
Ovtpot— Two  cirtoitt  soppiy  11$ 
VoHt  op  to  40  V.  A-OSy 
ono  ootpot  cltcml  lonctioni 
ot  ony  liyon  lostant.  Otkor 
tint  ovoNaklo,  tpoclol  ofdot. 


The  exceptional  efficiency  of  the  G-M  Type  27  relay  is 
due  in  part  to  its  two  coil  construction,  with  its  great  im¬ 
provement  in  The  relay's  magnetic  circuit.  In  ordinary 
relays  the  magnetic  flux  must  be  forced  through  the  hinge 
air  gap  (Fig.  A)  with  a  consequent  loss  in  efficiency.  In 
G-M  Type  27  relays  this  loss  is  ovoided  by  providing  a 
continuous  path  for  the  magnetic  flux  (Fig.  B)  through  the 
iron  structure  of  the  reloy  and  the  working  air  gaps. 

Type  27  relays  available  with  various  contacts  and 
coil  resistances.  We  invite  your  inquiry. 


4313  NOITH  KNOX  aVfNUI.  CHICAGO  41,  IlllNOiS 


pacity  ranges  from  3  kva  to  heavy 
duty  models  up  to  600  kva.  An¬ 
other  booklet  available  is  called 
“Light  Type  Bench  Spot  Welders’’ 
and  this  booklet  features  small 
spot  welding  machines  from  i  to  3 
kva.  Eisler  Engineering  Co.,  740 
S.  13th  St,  Newark  3,  N.  J. 

Connector  Chart.  Type  K  and  RK 
wall  chart.  No.  3,  contains,  in  con¬ 
densed  form,  material  on  K  con¬ 
nectors.  It  is  for  use  in  schools 
and  factories  for  the  instruction, 
identification,  assembly,  ordering, 
servicing  or  repair  of  these  con¬ 
nectors  and  accessories.  It  is  free 
of  charge  and  is  available  from 
Cannon  Electrical  Development 
Co.,  3209  Humboldt  St.,  Los 
Angeles,  Cal. 

Story  of  Tubes.  “It  Was  a  Tube 
They  Wanted”  is  the  name  of  bro¬ 
chure  which  briefiy  tells  of  the 
part  tubes  played  in  the  summer 
of  1040.  It  contains  illustrations 
and  descriptions  of  the  part  this 
laboratory  played  in  producing 
tubes.  Amperex  Electronic  Prod¬ 
ucts,  79  Washington  St.,  Brook¬ 
lyn,  N.  Y. 

Pilot  Light  Assemblies.  “Pilot 
Light  Assemblies  for  Panel  Board 
and  Instrument  Signaling”  is  a  24- 
page  catalog  and  data  book  which 
illustrates  and  describes  pilot 
light  models  for  a  wide  range  of 
applications  and  voltages,  includ¬ 
ing  variable  intensity  and  fixed 
types.  Lamps,  brackets  and  ac¬ 
cessories  are  also  listed.  Gothard 
Mfg.  Co.,  1300  N.  Ninth  St., 
Springfield,  Ill. 

Resistance  Material.  A  brief  de¬ 
scription  of  this  manufacturer’s 
resistance  material  having  nega¬ 
tive  temperature  coefficient  is  pre¬ 
sented  in  a  folder  which  also  con¬ 
tains  a  graph  of  typical  character¬ 
istics  of  resistance  units.  Key¬ 
stone  Carbon  Co.,  Inc.,  St.  Marys, 
Pa. 

Colored  Brochure.  This  beauti¬ 
fully  colored  brochure  contains 
reproductions  of  various  adver¬ 
tisements  of  this  manufacturer’s 
war  effort.  A  very  brief  descrip¬ 
tion  is  included  of  Model  SCR- 
299  mobile  radio  station.  The  Hal- 
licrafters  Co.,  Chicago  16,  Ill. 
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ELECTRODES 


FOR  CRYSTALS 


FINISHED 


Size  and  types  made  to  your  specification  with 
^  air  gap  tolerance  held  within«:‘5  microns^^ 


VERSED  IN 
TRANSFORMERS 
—  FOR 


PRODUCTS  * 


CLEVELAND  TUNGSTEN,  INC. 

1  0  2  0  0  MEECN  IVEIIE  .  CIEVELANB.  OHIO 


NEW  BOOKS 


Plastics  in  the  Radio  Industry 

By  E.  G.  Couzens  and  W.  G.  Wear- 
mouth,  Hulton  Press,  Ltd.,  US  Shoe 
Lane,  London,  E.  C.  U,  SO  pages,  price 
f/S. 

Publishers  of  Electronic  Engi¬ 
neering  are  issuing  a  series  of 
technical  monographs  to  give  radio 
engineers  and  students  at  low  cost 
information  that  could  only  be  ob¬ 
tained  otherwise  from  a  number  of 
books  and  periodicals.  The  title  is 
justified  largely  by  the  fact  that 
the  last  of  six  chapters  gives  spe¬ 
cial  attention  to  .electrical  and  di¬ 
electric  properties  of  pl&stics. 
Tables  of  comparative  properties 
and  graphic  charts  showing  varia¬ 
tion  of  power  factor  and  dielectric 
constant  with  temperature  are  in¬ 
cluded  in  this  chapter. 

The  first  three  chapters  give  a 
brief  chemical  picture  of  the  dif¬ 
ferent  types  of  plastic  materials 
and  their  manufacture,  with  the 
aid  of  numerous  reproduced  photo¬ 
graphs.  These  are  followed  by  a 
chapter  devoted  to  physical  proper¬ 
ties  of  plastic  products  made  of 
different  materials  and  another  de¬ 
scribing  the  different  methods  of 
fabrication. 

Appendices  give  miscellaneous 
information  such  as  analyses  or 
names  of  cements  and  solvents,  how 
to  identify  the  raw  materials  by 
heating  tests,  and  a  bibliography 
of  books  and  articles  on  plastics. — 
M.G.V. 


How  About  Your  Postwar  Hoods? 

Our  diversified  experience  In  ^he  building  of  transformers 
for  wartime  electronic  devices  makes  us  especially  well 
equipped  to  serve  your  postwar  needs. 

If  you  are  developing  a  new  product  that  will  require  a 
transformer,  send  us  your  specifications  for  a  quotation. 

DONGAN  ELECTRIC  MANUFACTURING  CO. 

2977  Franklin  Detroit  7,  Mich. 

"The  Dengon  Line  Since  1909" 


Calculus  Refresher  for  ' 

Technical  Men 

By  a.  Albert  Klaf,  Civil  Engineer, 
Board  of  Water  Supply,  City  of  Now 
York.  Whittlesey  House,  McGraw- 
Hill  Book  Co.,  New  York,  19 UU,  USl 
pages.  Price  $3.00. 

Designed  for  the  engineer  who 
has  allowed  his  calculus  to  get  a 
little  rusty,  this  work  serves  the 
purposes  of  review  most  effectively 
by  its  unusual  arrangement  as  a 
series  of  questions  with  related  and 
full  answers.  This  format  likewise 
helps  in  reference  because  each 
question  is  set  forth  in  boldface 
type  so  a  particular  i)oint  is  easy 
to  find. 

Subject  matter  is  divided  into 
hree  sections,  one  each  for  differ¬ 
ential  and  integral  calculus,  and  a 


DONGAN 


25  Years' 
Experience  in 
the  Utilization  of 
Tungsten  Products 


Cleve-Tung  makes  tungsten 
products  exclusively 
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ASSEMBLIES 
COMPLETE  WITH 

LAMPS: 

We  can  supply  any 
G.E.  or  Westinghoose 
Lamp  together  with 
the  required  Pilot 
Assembly,  thus  .sav¬ 
ing  time  in  your  pro¬ 
duction  schedule  .  .  . 
Write  for  samples. 

Illustrated:  lAI  Neon 
Pilot  Light  with  full- 
view  plastic  head.  IBI 
Neon  Pilot  Light  with 
dome  lens.  Lamps  re¬ 
movable  from  front 
of  panel. 


-  - 

894  BROADWAY.  .  .  .  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-4770 


BAKELITE  SHEETS 
RODS  AND  TUBES 


k  mW  SERIES  Of 


(INCORPORATING  G  E  OR  WE5TINGHOU5E  NEON  LAMPS) 


W«-manufacture  a  complete  line  of  Pilot 
Light  Assemblies  for  every  possible  use  in 
Aircraft,  AAarine,  Radio,  Electronic  ond 
Electrical  apparatus.  Send  sketch  for 
prompt  estimates  and  suggestions. 


We  can  furnish  Army  and 
Navy  specification  materials 
from  our  representative  local 
stocks.  On  special  mill  ship¬ 
ments  we  can  give  prompt 
delivery.  Also  complete  fabri¬ 
cation  service  backed  by  20 
years  of  experience. 


ELECTRICAL 
INSULATION  CO.,  INC. 

12  Vestry  St..  New  York  13.  N.  Y. 


third  presenting  applications  of 
calculus  to  various  fields  of  tech¬ 
nology.  The  integral  calculus  sec¬ 
tion  includes  an  introduction  to 
differential  equations.  All  through, 
the  text  is  illuminated  with  illus¬ 
trative  examples  and  problems. 
Answers  are  provided  in  an  appen¬ 
dix.  * 

While  the  volume  is  primarily  set 
up  for  use  by  a  technical  person 
with  previous  training  in  calculus, 
the  sequence,  scope,  and  depth  of 
the  presentation  make  it  equally 
suitable  for  use  by  the  student  get¬ 
ting  his  first  introduction  to  the 
subject. — P.H. 

•  •  • 

Radio  Waves  and 
the  Ionosphere 

By  T.  W.  Bennington,  British  Broad- 
jeasting  Corp.  Iliffe  &  Sons  Ltd.,  Dor¬ 
set  HotLse,  Stamford  St.,  London,  S.  E. 
1.  85  pages,  price  61-net,  19 JH. 

Many  who  work  with  radio  or 
make  a  hobby  of  short-wave  broad¬ 
casting  and  receiving,  but  who  do 
not  have  use  for  mathematical  con¬ 
ceptions  of  short-wave  propagation 
as  the  subject  is  usually  presented, 
will  be  interested  in  this  little  book. 
Its  aim  is  to  explain  short-wave 
communication,  and  in  particular 
the  part  that  the  ionosphere  plays 
in  bending  radio  waves  around  the 
earth,  in  as  simple  language  as  pos¬ 
sible  without  any  mathematics. 

Although  the  book  is  not  a  text¬ 
book,  it  can  be  recommended  as  pre¬ 
liminary  reading  for  anyone  who  is 
planning  to  delve  deeper  and  mas¬ 
ter  the  mathematics  involved. 

The  six  chapters  of  the  book  deal 
with  ground  waves  vs.  sky  waves, 
the  ionosphere  and  its  characteris¬ 
tics,  how  the  ionosphere  is  sounded, 
its  variations,  long-distance  trans¬ 
mission,  and  disturbances  and  other 
abnormalities  of  the  ionosphere. — 
M.G.V. 

•  •  • 

Electronics  Today 
and  Tomorrow 

By  John  Mihls,  published  by  D.  Van 
Nostrand  Co.,  250  Fourth  Ave.,  Neiv 
York,  N.  Y.,  19 H,  178  pages,  price 
$2.25. 

The  author  gives  the  reader  the 
benefit  of  his  more  than  30  years  of 
teaching,  writing,  study  and  work¬ 
ing  in  the  field  of  electronics.  Start¬ 
ing  with  electrons,  he  discusses  the 
history  of  their  discovery  and  in- 
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Contjnuous/y 
S/nce 1930 
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BMOAOCAST 
fOUCI*  OOMMOOM.* 


HIPOWER  CRYSTAL  COMPANY 

Sales  Division  —205  W. Wacker  Drive,  Chicago  i 
Factory  — 2033  Charleston  St.,  Chicago  47,  III. 


MICROMETER 

FREQUENCY  ^ 
METER  ^  I 


f»r 
etiMkint 
transMlttan 
froM  I.S  t»  M  ae., 
wIthiH  0.01  per  eMt 


LAMPKIN  LABORATORIES 

BraOMten,  FI*.,  U.  S.  A. 


Sove  Fingers wHb 

St««l-Grip  Flng«r  Guarcb 

Hnndredi  of  factories  are  saTlns  tlaa 
and  injuries  in  war  productioa  by 
protecting  workers  with  Steel-Grip 
ringer  Guards.  Used  for  handling 
rough  or  sharp  articles,  for  buflbM, 
grinding,  sanding,  polishing,  pnadi 
press  srork  and  hundreds  of  other  jobs. 
Protect  fingers  or  thumb,  front  or 
back,  from  cuts,  abrasions  or  blisters. 
Made  of  durable  leather  with  -Ip***? 
web  back  for  snug,  cool,  comfoiubla 
fit.  Easy  on  and  off.  One  siae  fits  all. 
men  or  sromen.  Send  10c  each  for 
samples  or  trial  order  box  of  50  at 
SMc  each,  less  10%. 

CatmUt  •/  Sutt-Orlf  SAftt 
ArpmrU  frm  ss  rstsssS 

MDUSTRUL  OLOVn  COMFMIY 

lagmbial  325  CarRgId,  Ogavlll*,  Illinois 
(SgfigiigritSincsiiiflO  InCnnaiaStM^pplyCa.,  Ttronto) 


FINE  RIBBONS 
TUNGSTEN  MOLYBDENUM 

MaUag  a  modont  but  offoctiT*  contribu- 
Hon  in  Eloctronics'  War  accomplishmoatn. 

H.  CROSS 

IS  Bookman  St.  Now  York 


This 

CONTACTS 

Section 

supplements  other  advertising  in 
this  issue  with  these  additional  an¬ 
nouncements  of  products  essential 
to  efficient  and  economical  produc¬ 
tion  and  maintenance.  Make  a  habit 
of  checking  this  page,  each  issue. 

Departmental  Staff 

ELECTRONICS 


MORE  RF  KILOWATT  HOURS 
PER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES  . 

lagnlrlM  Invitad— Let  ua  explain  bow 
Sarlngi  are  effected  and  the  F  fk  O 
greater  guarantee. 

FREELAND  &  OLSCHNER  PRODUCTS,  Inc. 

*11  Boroono  St.,  Now  Orianag  13,  U. 
Koywiood  47S* 

High  Powor  Tubo  Spocinlists  Exclutivoly 
C/g  To  100  KW) 


Electron  Tube  Machinery 

•/  eewy  type.— wrawdard.  and  ipwiaf  deriga 

Spoeialista  la  Equipnaoai  for  tbo  aiaauiac- 
turo  of  Badio  Tubon,  Cothodo  Bay  Tuboa, 
Fluoroacoat  Lampn,  lacaadoscoat  Loatpo, 
Raoa  Tuboa,  Photo  CoUn,  X-ray  Tubon 
aad  otbnr  glonn  or  oloctroaic  prodocts.  oa 
productioa  or  laboratory  bonis. 


EnLinEERinc.  componv 


ia07<130«  Sovnntb  St..  North  Borfon,  N.  J. 


Strip  Insulated  Wires 

QUICKER  .. .  BETTER 


with 

AUTOMATIC  WIRI  STRIPPIB 
...tpoods  Productioa 

Strip*  insulation  from  nil  typos  of 
wirn  —  instantly,  aasily,  parfoctly. 
Just  pros*  tha  handlas  and  the  )ob 
is  don*.  Cuts  wire  too.  Strips  800 
to  1000  wires  par  hour.  Available 
for  all  sixa  solid  or  strandod  wiras 
—No.  I  to  No.  30.  Ust  Price  $4  00. 
Wrtto  Oopt.  i  For  Ml  FOrtlealort 


GENERAL  CEMENT  MFC.  CO. 

Rockford,  Illinois,  U.S.A. 


tr 


AinCRAFT  COMMUNICATION  AND  CONTROL  UNITS 
FABBICATION  OF  ELECTRONIC  EQUIPMENT  AND  SUB- 
ASSEMBLIES 
CHASSIS  WIRING 
CABLE  ASSEMBLIES 
ANTENNA  SYSTEMS 
ELECTRO-MECHANICAL  ASSEMBLY 
SHORT  PRODUCTION  RUNS 


132  NASSAU  ST.  NIW  YORK  7,  N.T. 


ONLY  3  OUNCES 

t> 

Small  3-Stage 

AMPLIFIER 

Only  2'/*'  by  3*  by  %* 

DOES  YOUR  PRODUCT 
REQUIRE  A  MORE 
COMPACT  AMPLIFIERf 

W*  are  specialists  In  the 
art  of  eoniervinp  space. 

Your  inquiries  are  Invited. 

FARAPHONE  HEARING  AID  INC. 

205*  East  4tk  Clovoland  15,  Ohio 


BURSTEIN-APPLEBEE  CO. 

1012-1014  McGee  St.  •  Kansas  City  fi,  Missouri 
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ELECTRICAL.  ENGINEER — Larse  prorreaaive 
company  located  tn  East,  now  100%  on  War 
Work,  needs  services  of  electrical  engineer — 
experienced  In  transformer  and  motor  design — 
able  to  meet  and  discuss  technical  problems 
with  customers.  Permanent  Job  with  a  splen¬ 
did  future  for  the  right  man.  Please  give 
age  and  experience.  P-713.  Electronics,  330 
W.  42nd  St..  New  York  18,  N.  Y. 


WANTED:  Radio  Engineers  with  experience 
In  frequency  modulation  transmitting  and 
receiving  equipment.  Familiarity  with  F.C.C. 
rules  and  fleld  operation  of  equipment  de¬ 
sirable.  Please  give  complete  experience  and 
education  in  letter  of  application,  and  state 
salary  desired.  Company  located  in  the  Mid¬ 
west  where  living  conditions  are  good,  and 
expenses  below  average.  P-714,  Electronics. 
K20  N.  Michigan  Ave.,  Chicago  11,  Ill. 


PRODUCT  ENGINEER — Major  manufacturer 
of  electrical  wiring  devices  has  a  special 
interest  in  employing  a  designer-engineer  with 
a  proved  record  of  accomplishment.  Firm 
possesses  far-sighted  management,  varied  pro¬ 
duction  facilities,  and  ample  capital  to  under¬ 
take  and  promote  new  products — the  scope 
and  opportunity  of  the  position  are  limited 
only  by  the  skill,  imagination  and  initiative  of 
the  man.  Salary  open — location.  New  Eng¬ 
land.  Ail  applications  will  be  held  tn  strict 
confidence.  Write  even  though  a  U.S.B.S.  re¬ 
lease  might  not  be  immediately  available. 
P-716,  Electronics.  380  W.  42nd  St..  New  York 
18,  N.  Y. 


EMPLOYMENT  AGENCY 


ELECTRONICS — More  positions  are  coming  In 
daily  for  yrell  qualified  men  In  Electronics. 
Our  service  Is  Nation  wide  and  covers  all 
branches  of  Engineering.  Mors  than  51  years 
at  the  same  address.  The  Engineering  Agency, 
Inc.,  53  W.  Jackson  Blvd.,  Chicago  4.  Illinois. 


SALARIED  POSITIONS  —  This  advertising 
service  of  34  years’  recognised  standing 
negotiates  for  high  salaried  supervisory  tech¬ 
nical  and  executive  positions.  Procedure  will 
be  individualised  to  your  personal  require¬ 
ments  and  will  not  conflict  with  Manpower 
Commission's.  Retaining  fee  protected  by  re¬ 
fund  provision.  Identity  covered  and  present 
position  protected.  Send  for  details.  R.  W. 
Bixby,  Inc.,  278  Delward  Bldg.,  Buffalo  2. 
N.  Y. 


WANTED 

SENIOR 

Radio  Enpieai 

Executive  type  with  thorough  practical  and 
educational  background  in  radio  and  elec¬ 
tronics.  Mutt  have  substantial  experiance  and 
demonstrated  Initiative  in  design,  research, 
and  development.  Capable  of  supervising 
development  and  production  engineers.  Ex¬ 
cellent  working  conditions.  Permanent  posi¬ 
tions  with  ample  opportunity  for  advancement. 
Outline  complete  details  of  qualifications,  ex¬ 
perience,  and  whan  availabla.  Salaries  open. 
Confidential  Inquiries  respected.  Write. 

Pcrsonn*/  Director 

AIR  COMMUNICATIONS.  INC. 
Korsos  City  10,  MIsseari 


ENGINEER  for  developipent,  production,  pro¬ 
motion  of  a  product  or  group  of  products 
for  now  and  post-war.  Unusual  record;  elec¬ 
trical.  chemical  and  mechanical.  Age  below 
36.  PW-712,  Electronics,  330  W.  42nd  St.,  New 

York  18,  N.  Y. _ 

ENGINEER  age  42,  10  years  practical  experi¬ 
ence  in  Electronics,  radio  and  audio  fre¬ 
quency  amplifiers,  loud  speakers  and  micro¬ 
phones.  Desires  a  position  in  a  research  and 
development  laboratory.  L.  J.  F.  128  Colorado 
Ave..  Buffalo  11,  N.  Y. 

EXPERIENCED  EXPORTER  desires  to  Join 
progressive  manufacturer  of  radios  to  organ¬ 
ize  foreign  sales.  PW-716  Electronics,  330 
W.  42nd  St.,  New  York  18,  N.  Y. _ 

REPRESENTATIVE  AVAILABLE 

SUCCESSFUL  NEW  YORK  firm  of  electronic 
representatives  with  an  established  trade  of 
twenty  years  continuous  contact  with  distribu¬ 
tors,  industrials,  laboratories  and  government 
agencies  wishes  to  add  additional  lines  such  as 
tubes,  capacitors,  resistors,  relays,  meters  or 
allied  electronic  parts.  RA-691,  Electronics,  330 
W.  42nd  St..  New  York  18,  N.  Y. 


WANTED 

DEVELOPMENT  ENGINEERS 

Mechanical  and  electrical.  Graduate  or 

equivalent  training.  Required  for  develop¬ 
ment  work  in  the  following  branches; 

1.  Electro- mechanical  devices,  communi¬ 
cation  systems.  Must  be  interested 
in  development  and  familiar  with 
magnetic  circuits. 

2.  Measuring  and  control  instruments. 
Background  should  be  in  electrical 
engineering,  including  electronics. 

Statement  of  Availability  Required. 

P-682.  Electronics 

330  West  42nd  St..  New  York  18,  N.  Y. 
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I  — a  name  to  remember  when  * 


— a  name  to  remember  when 
the  tear  ie  forgotten 


VERTICAL  TUBULAR 
STEEL  RABIATORS 


PATENTED  FM 
TURNSTILE  RADIATDRS 


We're"aU  out" for  Victory, 
but  our  engineers  are  ready 
to  work  with  you  on 


posi-u>ar  plans 


★ 

JOHN  E.  LINGO  ft  SON.  lai. 

CAMDEN,  NEW  JERSEY 


dicates  their  characteristics.  To  il¬ 
lustrate  the  principles  involved  he 
givies  a  detailed  explanation  of  j 
lightning — both  natural  and  man¬ 
made. 

Next  comes  a  discussion  of  vari¬ 
ous  types  of  electron  tubes,  how 
they  work  and  functions  which  they 
can  perform.  Each  type  of  tube  is 
described  separately  and  is  intro¬ 
duced  with  a  brief  historical  sketch 
of  its  development.  Following  this 
are  sections  on  electron  microscopes, 
the  ultra  highs  or  microwaves,  ultra- 
high-frequency  generators  and 
cyclotrons. 

Mr.  Mills’  style  makes  easy  read-* 
ing.  All  physics  and  electricity  not 
immediately  needed  have  been  ruth¬ 
lessly  omitted.  His  analogies  are 
appropriate  and  help  immeasurably 
to  explain  the  highly  technical 
I  phases  of  electronics  and  electronic 
equipment  for  the  benefit  of  non¬ 
technical  readers.  However,  even 
electronic  technicians  should  at 
least  enjoy  reading  the  book,  and 
the  author’s  viewpoint  and  method 
of  handling  the  material  might  well 
stimulate  people  in  the  field  to 
greater  heights  of  research,  in¬ 
vention  and  developments. — K.S.P. 


DUPLICATING  and  PROFILING 


AUTO  ENGRAVER 


Accurate  Engraving 
with  Unskilled  Operators 


Unskilled  operators  will  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num¬ 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plastics. 
Here  are  some  of  its  other  uses  .  .  . 


•  Drills  a  series  of  holes,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 

•  Increases  accuracy  and  production. 

•  ‘Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 


For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K. 


AUTO  ENGRAVER  CO. 

1776  BROAOWAT,  NEW'TOIA  13 
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